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In this malformation the difficulty in sending blood through the stenosed pulmonary valve leads 
to right heart enlargement and to functional patency of the foramen ovale, through which a venous- 
arterial shunt occurs. The onset of symptoms and their severity depend on the size of the open- 
ing in the pulmonary valve. Characteristic physical findings and results of fluoroscopy, electro- 
cardiogram, circulation time, arterial blood studies, exercise test, angiocardiogram, and cardiac 
catheterization are presented. Diagnosis is important because these patients develop cardiac failure 
following a Blalock-Taussig operation, but may be greatly helped by pulmonic valvulotomy. 


ALVULAR pulmonic stenosis with an additional patients with this malformation. 

intact ventricular septum occurs less fre- Currens, Kinney, and White,°> from a survey 

quently than pulmonic stenosis associ- of the autopsy specimens obtained from several 
ated with a ventricular septal defect and an Boston hospitals, reported 10 cases with pure 
overriding aorta, as in the tetralogy of Fallot. pulmonic stenosis, of which 5 had an associated 
Greene and co-workers! after a thorough search patency of the foramen ovale and an additional 
of the literature found 68 cases proved by case had fenestrations in the septum secundum. 
autopsy in which the auricular as well as the Selzer and asgociates® have recently reviewed 
ventricular septum was intact. In the remainder the literature and studied 2 adults who died 
o! the cases of “pure pulmonic stenosis” the with this malformation. In addition to those 
foramen ovale was not completely sealed. This, included in Selzer’s review, autopsied cases 
however, is not necessarily a malformation as have been reported by Wilson,’ Auerback and 
the foramen ovale remains patent in a number Stemmerman,® Mannheimer,’ Brock,!° Baker 
o “normal” persons. 

The first case of valvular pulmonic stenosis 
aid patency of the foramen ovale was reported 
by Gallois? in 1809 and is included in Paul’s 
rview® describing three similar cases. Maude 
Abbott in her collection of 1000 cases of con- 
g-nital malformations of the heart listed 16 


and associates,!' and Allanby and Campbell.” 
Although the condition has been recognized 
at the autopsy table for the past 140 years, 
the correct diagnosis has rarely been made 
during life. In the past several years we have 
had the opportunity to study a group of these 
patients. Although the clinical picture was at 
Sees first puzzling, it was recognized that the 
From the Department of Pediatrics of the Johns findings in all were quite similar and that all 
Hopkins University and the Cardiac Clinic of the ‘ 
Larriet Lane Home of the Johns Hopkins Hospital. had the same malformation. Subsequent cor- 
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relation of these findings with postmortem ex- 
aminations clarified the clinical syndrome. 
Correct clinical diagnosis is of considerable im- 
portance because patients with this type of 
pulmonic stenosis are not benefited by the 
Blalock-Taussig operation but are helped by 
pulmonic valvulotomy. The purpose of this 
paper is to present the clinical syndrome associ- 
ated with this malformation. The following cases 
are selected as representative examples. 


a 


Fic. 1. Case 1. Anterior-posterior view of chest. 
Note cardiac enlargement, prominence of pulmonic 
conus, large left pulmonary artery, and diminished 
vascularity of peripheral lung fields. 


Case 1. W. W. (H. L. H. A 56312), a 24 year 
old white man, was first examined in July, 1947. 

Past History and Present Illness. He had had 
exertional dyspnea for as long as he could remember, 
and had always tired more readily than other people. 
The first knowledge of heart trouble dated from 8 
years of age, when after a race, he became cyanotic 
and extremely dyspneic. At that time he was told 
that he had “leakage of the heart.” Thereafter 
severe exertion produced cyanosis as well as marked 
dyspnea. He did not, however, squat when tired. 
His activities were only slightly restricted. He served 
during World War II in the Merchant Marine. ° 

The development of persistent cyanosis was in- 
sidious; the patient was not aware of it until Janu- 
ary, 1947, when he was admitted to a hospital 
because of a left-sided hemiplegia which developed 
suddenly 16 days after being rendered unconscious 
in an automobile accident. At that time he was 
found to be moderately cyanotic and to have club- 
bing of the fingers. Subsequently the hemiplegia 
cleared almost completely. However, following this 
episode, his incapacity, cyanosis, and dyspnea be- 
came progressively more severe and he occasionally 


suffered from swelling of the ankles. In June, 1947, 
he was found to have a right pneumothorax. After 
the lung had re-expanded, he was referred to the 
Cardiac Clinic as a possible candidate for cardiac 
surgery. 

Physical Examination. Pulse 102 per minute; 1es- 
pirations 20 per minute; blood pressure 124/'}4, 
The patient was a well-developed, well-nourisl ed 
man with moderate cyanosis and clubbing of ‘he 
fingers and toes. There was anterior bowing of ‘he 
left chest. No thrill was palpable over the pve- 
cordium. The heart was enlarged. The heart sou ds 
were distinct though less loud than normal. The 
second sound was louder over the pulmonic a:ea 
than over the aortic area but was not accentuatd. 
There was a harsh but rather soft, blowing syst« lic 
murmur best heard in the third and fourth inter- 
costal spaces to the left of the sternum. It was 
transmitted over the entire precordium and to the 
left interscapular area posteriorly. There was a 
presystolic gallop rhythm. The lungs were clear. 
The liver extended 2 fingerbreadths below the costal 
margin and was pulsating. The pulsations in the 
femoral arteries were strong. There was no edema. 
Except for a residual left facial paralysis the re- 
mainder of the physical examination was negative. 

Laboratory Data. The red blood cell count was 
7.68 million per cu. mm.; the hemoglobin level was 
19.8 Gm. per 100 cc. and the hematocrit reading 
was 65. The oxygen content of the arterial blood 
was 23.4 volumes per cent and the oxygen capacity 
was 30.1 volumes per cent; hence the saturation 
was 78.3 per cent. The arm-to-tongue circulation 
time, determined with Decholin, was prolonged to 
18.7 seconds. Electrocardiogram showed high peaked 
P waves, incomplete A-V block, and right bundle 
branch block. 

Fluoroscopy in the anteroposterior view showed 
that the heart was enlarged to the right and to the 
left. In the oblique views the cardiac shadow ex- 
tended abnormally far both anteriorly and _posteri- 
orly. These findings were thought to indicate 
enlargement of the right auricle, the right ventricle, 
and the left ventricle. The right ventricular pulsa- 
tions were of exceedingly small amplitude. The 
pulmonary conus was prominent, and the pulmonary 
window was obscured. The lung vascular markings, 
however, appeared reduced, and only very slight 
pulsations could be seen in the hilar vessels. There 
was a left aortic arch and no left auricular enlarge- 
ment. Teleroentgenogram showed the cardiothoracic 
ratio was 57 per cent (fig. 1). 

Since the nature of the malformation was not 
clear, additional studies were undertaken. An ezer- 
cise test showed a drop in the amount of oxygen 
consumed per liter of ventilation from 24.7 ec. «t 
rest to 18.6 cc. after exercise. There was a corre- 
sponding decrease in carbon dioxide production froii 
23.1 to 20.9 ce. 

Catheterization of the right heart was attempted 01 
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t.o occasions, but on neither occasion could the 
¢theter be introduced into the right ventricle. The 
rizht auricular pressure was elevated to 29/15 mm. 
I 


y 


Angiocardiogram showed that the Diodrast en- 
cred via a dilated superior vena cava into a large 
‘cht auricle and a large thick-walled right ventricle. 
The dye was expelled very slowly from the right 
ile of the heart into a dilated pulmonary artery, 

iere it lingered for an abnormally long time before 
»ing distributed to the lungs. Because the right 
pulmonary artery was hidden behind the enlarged 
heart, it was at first thought that there was but a 
siagle pulmonary artery. No evidence of overriding 
o! the aorta was demonstrable and the left side of 
the heart was never visualized. The dye still re- 
mained in the right heart and pulmonary artery 
at the end of the series of angiocardiograms. (The 
last of these x-rays was taken about 11 seconds 
after the injection of the dye.) 

Clinical Impression. It was thought that the pa- 
tient had pulmonic stenosis and tricuspid insuffi- 
ciency; the possibility of Ebstein’s malformation of 
the tricuspid valve was considered. A Blalock- 
Taussig operation was contraindicated because of 
the enlarged heart, the poor heart action, the pul- 
sating liver, and the failure to demonstrate an over- 
riding aorta. 

Course. The patient was given digitalis and a 
period of bed rest was advised. In spite of therapy 
he became more dyspneic, cyanotic, and incapaci- 
tated. In October, 1947, he was able to walk only 
four blocks very slowly before becoming exhausted. 
At this time his arterial oxygen saturation at rest 
had dropped to 53 per cent. He developed multiple 
emboli to the right leg, to the brain, and to the 
lungs. On March 16, 1948 he was admitted to the 
U. S. Marine Hospital in Seattle, Washington in 
moribund condition and he died 15 hours later. 

Autopsy. (Performed by Dr. George E. Tooley,* 
U.S. Marine Hospital, Seattle, Washington). The 
heart was markedly enlarged; it weighed 725 Gm. 
(normal 300 Gm.) (See figure 2.) The great veins 
entered in the normal fashion. The right auricle 
was tremendously dilated, and its walls were moder- 
ately hypertrophied. There was a gross patency of 
tle foramen ovale which measured 6 by 8 mm. The 
tricuspid valve measured 12.5 em. and was normal 
in appearance. The right ventricle was enormously 
hypertrophied. The myocardium had an average 
tvickness of 2.4 em. in contrast to an average thick- 
oss of the left ventricle of 1.2 em. Microscopically 
tie right ventricle showed diffuse myocardial scar- 

* We are indebted to Dr. Gordon A. Abbott, Clini- 

1 Director of the Marine Hospital, for the photo- 
g-aphs of the specimen and the pathology report 
ead to Dr. Stewart Lippincott, Professor of Path- 
c.ogy at the University of Washington Medical 

hool, for permitting us to study the specimen. 


ring. There was marked stenosis of the pulmonary 
valve (fig. 3). The cusps of the pulmonary valve 
were completely fused into a dome-shaped mem- 
brane with only a small central opening measuring 
2 by 4 mm. Below the stenotic pulmonary valve 


Fic. 2. Case 1. Photograph of heart, showing en- 
larged right auricle and right ventricle. Patent 
foramen ovale is indicated by pointer. Hypertrophy 
of right ventricular musculature is apparent. 


Fig. 3. Case 1. Photograph of heart. Note dome- 
shaped protrusion of stenosed pulmonary valve and 
small, central perforation in the fused cusps. The 
dilated pulmonary artery has been laid open. 


was a mural thrombus firmly adherent to the endo- 
cardium over an area 2 by 3 cm. The pulmonary 
arteries appeared dilated. The left auricle, mitral 
valve, and left ventricle were normal. There was 
no ventricular septal defect. The aorta arose from 
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the left ventricle in the normal manner, and both 
the aortic valves and the aorta were normal. There 
was generalized visceral congestion. The liver was 


tation and hypertrophy of right auricle. Mura! 
thrombus in right ventricle. Passive congestion of 
viscera. Congestive cirrhosis of liver. 


Fia. 4. Case 2. Top: Anterior-posterior view of chest. Note great cardiac enlargement and promi- 
nence of pulmomary conus. Bottom left: Left anterior-oblique position at 55 degrees of rotation. 
Note extent to which enlarged right ventricle has displaced the left ventricle posteriorly. Dilated 
pulmonary artery fills the pulmonary window. Bottom right: Right anterior-oblique position. The 
greatly enlarged right ventricle is flattened against left anterior chest wall. The barium-filled 
esophagus crosses the enlarged right auricle, which projects posteriorly. 


enlarged. Both the liver and spleen showed gross 
and microscopic evidence of long-standing passive 
congestion. 

Final Anatomic Diagnosis. Congenital malforma- 
tion of heart. Valvular pulmonic stenosis. Post- 
stenotic dilatation of pulmonary artery. Patent 
foramen ovale. Hypertrophy of right ventricle. Dila- 


Case 2. D. L. (H. L. H. A 62640), a 6 year old 
white boy, was first seen in the Cardiae Clinie in 
May, 1948. 

Past History and Present Illness. There was no 
cyanosis at birth or in early infancy, but at about 
6 months of age cyanosis and dyspnea appeared on 
exertion. At this time a systolic murmur was noted. 
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At 18 months of age cyanosis became persistent, 
and thereafter it steadily increased. He easily be- 
came dyspneic and fatigued, but he squatted to 
rest only infrequently. His exercise capacity gradu- 
ally became more limited. At 6 years of age he was 
able to walk only three blocks on a good day and 
was tired after climbing one flight of stairs. There 
were no episodes of paroxysmal dyspnea, loss of 
consciousness, or convulsions. The family physician 
noted progressive cardiac enlargement. 

Physical Examination. Temperature 37 C.; pulse 
46 per minute; respiratory rate normal at rest; 
lood pressure 100/80. He was slender but well 
leveloped. There was moderate cyanosis and club- 
hing of the fingers and toes. There was a precor- 
lial bulge. The heart was enlarged but no thrill 
was palpable. There was a soft, blowing, systolic 
murmur in the third intercostal space at the left 
sternal border. The second sound at the base of the 
heart was weak. The liver edge was 2 fingerbreadths 
below the right costal margin and was pulsating. 
The pulsations in the femoral arteries were strong. 
There was no edema. The remainder of the exami- 
nation was essentially negative. 

Laboratory Findings. The red blood cell count was 
6.75 million per cu. mm.; the hemoglobin level was 
22 Gm. per 100 cc.; the hematocrit reading was 56. 
The arterial oxygen content was 19.2 volumes per 
cent; the capacity was 24.4 volumes per cent, giving 
an arterial oxygen saturation of 78.8 per cent. The 
arm-to-tongue circulation time with Decholin was 
12° seconds. In the unipolar and standard leads, the 
electrocardiogram showed high, peaked P waves, 
first degree heart block, and right bundle branch 
block. 

Fluoroscopy in the anteroposterior view revealed 
that the heart was moderately enlarged to the right 
and to the left (fig. 4). There were strong, asynchro- 
nous pulsations of the right and left cardiac borders. 
There was a convexity in the region of the pul- 
monary conus, and a large left pulmonary artery 
was seen to continue from this point into the left 
lung. The right pulmonary artery appeared to be 
of normal size. There were no expansile pulsations 
visible in either pulmonary artery, and the lung 
fields were abnormally clear. In the oblique views 
(fig. 4) there was evidence of great enlargement of 
the heart both anteriorly and posteriorly. Barium 
swallow showed a left aortic arch and no enlarge- 
ment of the left auricle. Teleroentgenogram revealed 
the cardiothoracic ratio to be 69 per cent. 

Clinical Impression. Valvular pulmonic stenosis 
with a patent foramen ovale was considered the 
most probable diagnosis. Ebstein’s anomaly of the 
tricuspid valve was considered a possibility. To 
differentiate the two conditions and to clarify the 
diagnosis, additional studies were undertaken. 

Angiocardiogram (fig. 5) showed that the Diodrast 
entered the right auricle through the dilated superior 
vena cava and passed into the large, thick-walled 


right ventricle. At the end of two seconds, the 
contrast medium appeared in the main pulmonary 
artery, which occupied the position of the prominent 
pulmonary conus seen on fluoroscopy. The contrast 
solution remained in the right side of the heart 
and in the pulmonary artery for an abnormally 
long time. The opacification of the parenchymal 
pulmonary vascular tree was less than normal. No 
overriding of the aorta was demonstrated. The left 
side of the heart was poorly visualized. 

Right heart catheterization* revealed that the oxy- 
gen content of the superior vena cava was 9.2 vol- 
umes per cent and of the right auricle, 8.4 volumes 
per cent in one region and 12.2 volumes per cent 
in another location. The oxygen content of the 
right ventricle was 12.2 volumes per cent. The 
pulmonary artery could not be catheterized. The 
pressure in the right auricle was elevated, and in 
the right ventricle it was 112/55. Calculation of 
the blood flows showed a reduced pulmonary artery 
flow of 1280 ce. and a systemic flow of 1830 ce. per 
square meter of body surface per minute. Although 
there was a small shunt of oxygenated blood from 
the left auricle into the right auricle, as indicated 
by the higher oxygen content of one of the samples 
taken from the right auricle, the overall shunt was 
from right to left and was calculated to be 550 ce. 
per square meter of body surface per minute. Thus 
catheterization studies were consistent with the 
clinical impression of valvular pulmonic stenosis 
and patency of the foramen ovale. 

Course. The catheterization procedure was a short 
one, and the patient returned to the ward in good 
condition. Shortly afterwards, he appeared restless. 
He was examined by several doctors and given a 
small dose of morphine. His condition was thought 
to be satisfactory. Suddenly, about three hours 
after completion of the catheterization, he gasped, 
became deeply cyanotic, and the respirations and 
heart action ceased. Resuscitative measures were of 
no avail. 

Autopsy. (No. 21233 performed by Dr. Jack M. 
Burnett.) The chief interest centered about the 
enlarged heart. The enlargement was limited to the 
right auricle and the right ventricle, which formed 
the anterior surface of the heart. Venous return 
was normal. The right auricle was hypertrophied 
and was about twice the size of the left auricle. 
Although in part protected by a thickened valve, 
the foramen ovale was patent for an area of 2 by 8 
mm. The tricuspid valve was bicuspid but com- 
petent; its edges were slightly thickened. The right 
ventricle was greatly hypertrophied. Its wall in 
some areas measured 2.5 cm. in thickness, whereas 
the thickness of the left ventricle was 1.2 em. Near 
the apex of the right ventricle there was patchy 
scarring of the myocardium. The endocardium was 


* We are indebted to Dr. Richard Bing and his 
associates for these studies. 
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uniformly slightly thickened. The ventricular sep- 
tum was intact. The leaflets of the pulmonic valve 
were completely fused, producing a conical protru- 
sion into the pulmonary artery. There was a small 
opening 2 mm. in diameter at the apex of the cone. 
The main pulmonary artery distal to the stenosed 
valve was about twice the usual diameter, and its 


tation of pulmonary artery. Patent foramen ovale. 
Hypertrophy of right ventricle and of right auricle. 
Case 3. C. N. S., (H. L. H. A 65191), a 2 year 
old white girl, referred to the Cardiae Clinie in 
August, 1948. 
Past History and Present Illness. Cyanosis was 
noted at birth, and it progressively deepened. Dysp- 


Fic. 5. Case 2. Angiocardiogram, anterior-posterior view. 7'op left: 1 second. Contrast medium is 
seen in the dilated superior vena cava and in the right auricle. Top right: 2 seconds. Dye has entered 
the right ventricle and pulmonary artery. Bottom left: 4 seconds. Dense opacification of right auricle, 
right ventricle, and pulmonary artery with beginning visualization of larger branches of pulmonary 
artery. Bottom right: 7 seconds. Diodrast remains in right heart chambers and main pulmonary artery. 
There is still subnormal filling of pulmonary circulation. 


walls were thin. The left auricle and left ventricle, 
the mitral and aortic valves, the aorta, and the 
coronary arteries were normal. The ductus arteriosus 
was obliterated. The bronchial arteries were slightly 
enlarged; their lumina each measured | mm. in 
diameter. The remainder of the postmortem exami- 
nation was not remarkable. 

Anatomic Diagnosis. Congenital malformation of 
heart. Valvular pulmonic stenosis. Poststenotic dila- 


nea appesred after moderate exertion, but there 
were no attacks of paroxysmal dyspnea, and she did 
not assume a knee-chest position when fatigued. 
She was unable to walk. From the age of 8 months 
she gained weight poorly. At the time of her ex- 
amination in the clinic, the mother felt that the 
child’s condition was gradually deteriorating. 
Physical Examination. Temperature 37 C.; pulse 
140 per minute; respirations 30 per minute; blood 
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pressure 114/70 in the arm and 118/78 in the leg. 
She was a small, underdeveloped child who weighed 
only 244 pounds at the age of 2 years. There was 
slight clubbing of the fingers and toes, and even at 
rest there was cyanosis. With crying she became 
dyspneic and markedly cyanotic. Examination of 
the chest showed no precordial bulge; no thrill was 
felt. The heart was enlarged; the heart sounds were 
of good quality. In the third intercostal space to 
the left of the sternum was a loud, harsh, systolic 
murmur which was propagated over the precordium 
and upward to the left shoulder; over the pulmonic 
area it obscured the second heart sound. The liver 
was palpable one fingerbreadth below the costal 
margin and was pulsating. There was no edema. 
The remainder of the physical examination was 
negative. 

Laboratory Findings. The red blood cell count was 
9.55 million per cu. mm., the hemoglobin level was 
21.5 Gm. per 100 ce. and the hematocrit reading 76. 
A sample of femoral arterial blood, obtained when 
the child was crying, revealed an arterial oxygen 
saturation of only 14 per cent. The oxygen content 
was 3.1 volumes per cent, the oxygen capacity 21.2 
volumes per cent, and the carbon dioxide content 
36.8 volumes per cent. The electrocardiogram 
showed marked right axis deviation. There were 
high, peaked P waves, first degree heart block, and 
evidence in the unipolar precordial leads of right 
bundle branch conduction disturbance. T, and T; 
and the T waves in the precordial leads were deeply 
inverted. 

Fluoroscopy revealed a heart that was tremen- 
dously enlarged both to the right and left in the 
anteroposterior view, and both anteriorly and 
posteriorly in the left anterior-oblique position. The 
pulmonary conus region was full; there were, how- 
ever, no pulsations in the pulmonary arteries, and 
there was diminished vascularity of the lung fields. 
There was a left aortic arch. No enlargement of the 
ieft auricle was demonstrated after barium swallow. 
The fluoroscopic findings were interpreted as in- 
dicative of diminished pulmonary circulation and 
great enlargement of the right auricle and right 
ventricle and questionable enlargement of the left 
ventricle. Teleroentgenogram showed the cardio- 
thoracic ratio was 81 per cent (fig. 6). 

Clinical Impression. Valvular pulmonic stenosis 
with a patent foramen ovale or an auricular septal 
defect. 

Course. Angiocardiography was undertaken to con- 
firm the diagnosis. The patient showed no reaction 
to the test dose of Diodrast; so after a cutdown in 
the right arm, 9 ec. of the Diodrast was injected and 
a series of anteroposterior films taken. The contrast 
medium entered through a dilated superior vena 
cava into a very large right auricle and then into 
the large, thick-walled right ventricle. Some of the 
Diodrast filled the main pulmonary artery, which 
occupied the region of the full pulmonary conus, and 


a small amount of contrast medium entered the 
larger branches of the pulmonary circulation. The 
right side of the heart emptied very slowly. The dye 
was still present in the right ventricle and main 
pulmonary artery at the conclusion of the series of 
films seven seconds after start of injection. Neither 
the aorta nor the left side of the heart was visualized 
by this time. 

The patient seemed well immediately following 
the procedure, but five minutes later she suddenly 
stopped breathing, and the heart sounds could not 
be heard. Resuscitative efforts were futile. 


Fic. 6. Case 3. Anterior-posterior view of chest. 
Note tremendous cardiac enlargement and the full- 
ness in region of pulmonic conus. 


Autopsy. (No. 21480 performed by Dr. Lloyd 
Shannon). The heart was greatly enlarged, its tre- 
mendous size being due entirely to the large right 
auricle and right ventricle, which formed the anterior 
aspect of the heart. The heart weighed 140 Gm. 
(normal 50 Gm.). Venous return was normal. The 
right auricle’ was extremely dilated and its wall 
moderately hypertrophied. The foramen ovale was 
widely patent, measuring 2 cm. in diameter. The 
tricuspid valve was bicuspid. The right ventricle was 
markedly hypertrophied. Its wall measured 1.8 em. 
in thickness, whereas the wall of the left ventricle 
measured 1 cm. The ventricular septum was intact. 
The pulmonary valve was extremely stenosed. The 
valve cusps were fused to such a degree that they 
formed a cone with only a pinpoint opening about 
1 mm. in diameter at the apex of the cone. The 
pulmonary artery distal to the valve was dilated 
and was of approximately the same size as the aorta. 
The left side of the heart and the aorta were normal. 
There was probe patency of the small ductus arterio- 
sus. Two of the bronchial arteries were slightly 
enlarged. The spleen was enlarged, but the liver 
was normal. 
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No cause for the sudden death was found. The 
lungs were well aerated. There were no evidences 
of air emboli. The trachea and bronchi were free 
from obstruction. Examination of the cranial cavity 
revealed no abnormalities. 

Anatomic Diagnosis. Congenital malformation of 
heart. Valvular pulmonic stenosis. Poststenotic dila- 
tation of pulmonary artery. Patent foramen ovale. 
Hypertrophy of right auricle and right ventricle. 
Probe patency of ductus arteriosus. 


DIscUSSION 


These three cases illustrate the clinical syn- 
drome, which is readily explicable on the basis 
of the pathologic anatomy. The stenosed pul- 
monary valve places a tremendous load on the 
right side of the heart and causes difficulty in 
the expulsion of blood into the pulmonary 
artery. This leads to hypertrophy of the right 
ventricle and to progressive increase in the 
systolic pressure. Gradually the right ventricle 
becomes unable to empty itself completely, 
and the diastolic pressure within the ventricle 
rises. This in turn increases the work of the 
right auricle; consequently, the right auricle 
hypertrophies, and the pressure within that 
chamber rises. 

When the pressure in the right auricle ex- 
ceeds that in the left auricle, if the foramen 
ovale is not completely sealed, it is forced 
open, and venous blood is shunted from the 
right auricle into the left auricle. When the 
volume of unoxygenated blood so shunted into 
the systemic circulation is sufficiently large, 
the level of visible cyanosis is reached. The 
cyanosis is at first transitory, then becomes 
persistent, and deepens as the patient grows 
older. As the volume of the venous-arterial 
shunt increases, polycythemia appears. The in- 
crease in the height of the hemoglobin level 
renders the cyanosis more intense. 


At birth there probably is less tendency for. 


the foramen ovale to close than in a normal 
heart. However, so long as the pulmonary ori- 
fice is relatively adequate in size and the pres- 
sure in the right auricle is lower than in the 
left auricle, the valve of the foramen ovale is 
functionally closed. 


The patency of the foramen ovale is the only 
means by which an intracardiac venous-arterial 
shunt can occur in this malformation. The 


evidence is strong that without such a shunt, 
there is no decrease in arterial oxygen satura- 
tion. It has been well demonstrated that a 
diminution in pulmonary circulation per se will 
not produce arterial unsaturation. In those 
patients with pulmonic stenosis as part of the 
tetralogy of Fallot in whom Bing was able to 
‘atheterize the pulmonary vein, he found the 
oxygen saturation of the pulmonary vein to be 
normal (95 to 96 per cent). Indeed, in one of 
our patients with valvular pulmonic stenosis 
and a patent foramen ovale to be included in 
a subsequent report,’ the pulmonary vein was 
catheterized, and its oxygen saturation was 
found to be 97 per cent. 

Analysis of the findings in our patients and 
those in the literature corroborates the belief 
that in this condition the cyanosis due to ar- 
terial oxygen unsaturation is related to the 
patency of the foramen ovale. The foramen 
ovale was patent in 41 cases previously re- 
ported.3-- 5-18 Of these patients on whom 
clinical data is available, 35 showed cyanosis, 
and only 1 did not.® The last mentioned was 
a 43 month old baby who died of an unrelated 
cause (subdural hematoma). In this instance, 
although there was probe patency of the fora- 
men ovale, it appeared to be functionally 
closed. 

Of the 71 patients!» ° with pulmonic stenosis 
and no defect in the auricular an ventricular 
septa, cyanosis of slight degree was commented 
upon in 29. As there was no opportunity for a 
venous-arterial shunt in these patients, the 
cyanosis was in all probability not due to ar- 
terial oxygen unsaturation. On the contrary, it 
seems quite likely that cyanosis was caused by 
venous stasis. That such may be the cause is 
well illustrated by Arnett’s patient,'® who when 
decompensated showed splotchy cyanosis of the 
ear lobes, the tip of the nose, and the cheeks. 
His arterial oxygen saturation, however, was 
94.6 per cent. At autopsy the foramen ovale, 
though not sealed, was closed and was guarded 
on both sides by large folds. 

The elevated pressure in the right side of the 
heart in patients with pulmonic stenosis with 
an intact ventricular septum eventually causes 
venous congestion and enlargement of the liver, 
and ultimately, if the right ventricle fails, may 
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‘lead to peripheral edema and ascites. The 
patency of the foramen ovale acts for a time 
is an “escape valve” and lessens the load on 
the right side of the heart by the shunt of 
blood from the right auricle into the left. Even 
while the tricuspid valve remains competent, 
the forceful contractions of the right auricle 
nay cause pulsations of the jugular veins and 
ihe liver. 

It seems probable that the size of the opening 
in the fused pulmonary leaflets is fixed at birth 
and does not increase in size as rapidly as does 
. normal valve. What may be a relatively 
adequate pulmonic opening for a small, in- 
active infant becomes progressively less ade- 
quate as the patient grows and his activity 
increases. As the stenosis thus becomes in- 
creasingly more severe, the heart progressively 
enlarges, and symptoms appear and steadily 
become more pronounced. The smaller the ori- 
fice of the stenotic valve, the earlier is the 
onset of cardiac difficulties. If the stenosis is 
extreme at birth, the pulmonary orifice may be 
inadequate even for a baby, and the patient 
may die in infancy or early childhood. This 
concept explains the variations in longevity and 
in’ severity of symptomatology in these pa- 
tients. The average age at death of those re- 
ported in the literature was 19 years, but the 
range was from 4 months! to 57 years.’ 

The primary symptom is dyspnea on exer- 
tion; this is usually present from early life. It 
generally precedes the onset of cyanosis and is 
out of proportion to the cyanosis. It is due to 
the difficulty in the direction of blood to the 
lungs. As the shunt of blood through the fora- 
men ovale from the right auricle to the left 
becomes established and the pulmonary flow is 
thereby diminished, exertional dyspnea _be- 
comes more pronounced. The easy fatigability 
is also related to the slow delivery of blood to 
the lungs for oxygenation. The pulmonary ste- 
nosis renders it impossible for the individual 
to inerease the pulmonary -blood flow in the 
normal manner with exercise. 

The physical findings are readily explicable 
on the basis of the pulmonary stenosis. The 
presence of a precordial bulge is due to the 
hypertrophy of the right ventricle during early 
childhood. The systolic murmur, maximal in 


the pulmonic area, is caused by the ejection of 
blood through the stenosed pulmonary orifice. 
The stenosis of the pulmonary valve causes a 
reduction in the intensity of the second sound 
over the pulmonary area. Enlargement and 
pulsations of the liver are manifestations of the 
hypertrophy of the right side of the heart and 
the high pressure in the right auricle. 

The electrocardiographic findings of marked 
right axis deviation and right ventricular hyper- 
trophy and the frequent finding of right bundle 
branch block are related to the increased thick- 
ness of the right ventricular wall and possibly 
to the diffuse scarring of the right ventricular 
myocardium. The high, peaked P waves prob- 
ably reflect the enlargement of the right auricle. 
Arterial oxygen unsaturation is present after 
the shunt from right to left through the fora- 
men ovale has become established. This in 
turn leads to compensatory polycythemia. The 
prolonged circulation time is related to the 
difficulty in the expulsion of blood from the 
right ventricle. It has been our clinical ex- 
perience that although the foramen ovale is 
patent, rarely is enough of the test material 


shunted from the right auricle through the left 
auricle and thence to the left ventricle and the 
systemic circulation to give a short circulation 
time. 


The x-ray and fluoroscopic findings are also 
explicable on the basis of the pulmonic stenosis. 
There is progressive enlargement of the right 
ventricle and the right auricle. On rotation of 
the patient into the left anterior-oblique posi- 
tion the left ventricle is often displaced so far 
posteriorly by the large right ventricle that it 
far overlaps the spine and gives the appearance 
of enlargement of both the right and left ven- 
tricles (see figure 4). The force of contraction 
in the right auricle and right ventricle seen on 
fluoroscopy is worthy of comment. Often a 
“rocking boat” effect is seen in the antero- 
posterior view as first the right auricle, forming 
the right heart border, contracts forcefully, 
and then the hypertrophied right ventricle, 
forming the left heart border, contracts. The 
amplitude of the pulsations has been conspic- 
uous in all but 2 of our patients (case 1 and 
another not included in this report). More- 
over, in these 2 the pulsations of the right 
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auricle were strong, whereas the contractions 
of the right ventricle were so weak that pulsa- 
tions were scarcely visible. This finding was a 
late manifestation, as indicated by the fact 
that both patients died within a few months 
after such pulsations were seen. This observa- 
tion suggests that when the hypertrophied right 
ventricular musculature begins to fail, the force 
of its contractions becomes much reduced. Con- 
sequently, such a finding is of grave prognostic 
importance. 

Although there is a prominence of the pul- 
monic conus region and the pulmonary arteries 
are normal in size or enlarged, pulsations in the 
pulmonary arteries are absent or minimal, and 
the peripheral lung vascular markings are di- 
minished. These findings are in keeping with 
the low pressure in the pulmonary artery. The 
prominence of the conus region was demonstra- 
ted both by angiocardiogram during life and by 
postmortem examination to be due to the dila- 
tation of the pulmonary artery distal to the 
valvular stenosis. This poststenotic dilatation 
may be the result of the ejection of a small 
volume of blood with each ventricular contrac- 
tion into a pulmonary artery that was originally 
normal in size. The force of the ejection is 
almost completely broken by the pulmonary 
stenosis so that only a thin jet of blood enters 
the pulmonary artery through the small central 
perforation. As there is little force to distribute 
the blood into the pulmonary circulation, the 
blood pools in the main pulmonary artery be- 
fore it sluggishly circulates through the lungs. 

The finding on angiocardiography* of delay 
of the dye in the right side of the heart and in 
the pulmonary arteries reflects the difficulty in 
expulsion of blood from the right ventricle 
forward into the pulmonary circulation. Early 
visualization of the aorta does not occur until 


* Because of the death of one patient (case 3) 
immediately following angiocardiography, we feel 
this procedure is dangerous in patients with extreme 
pulmonary stenosis and impending heart failure, as 
indicated by a very low arterial oxygen saturation, 
great cardiac enlargement, or poor amplitude of pul- 
sations in the right ventricle. Under such circum- 
stances the sudden injection of contrast material 
under pressure may add too great a load to the al- 
ready overtaxed right heart and may deprive the 
patient of oxygen. 


some of the contrast solution has passed from 
the right auricle through the defect in the 
auricular septum to the left. The volume so 
shunted is relatively small, and the aorta is 
often visualized in only one of the two series 
of films taken in the anteroposterior and in the 
lateral positions. Although there may be faint 
opacification of the aorta, there is not the dense, 
early filling which is seen when the aorta over- 
rides the right ventricle. 

Because of the pulmonic stenosis and the 
inability to increase the pulmonary blood flow 
with exercise, the exercise test usually shows a 
drop in the oxygen consumption per liter of 
ventilation with exercise compared with that 
at rest. The measurement on cardiac catheteri- 
zation of an elevated pressure in the right 
auricle and particularly in the right ventricle 
and of a low pressure in the pulmonary artery 
is in keeping with the hemodynamic changes 
proximal and distal to an obstruction at the 
pulmonary valve. 

This malformation requires differentiation 
from other malformations of the heart which 
are associated with cyanosis and inadequate 
pulmonary circulation. The two chief malfor- 
mations with which it is likely to be confused 
are the tetralogy of Fallot and Ebstein’s mal- 
formation of the tricuspid valve. 

The differentiation from the tetralogy of 
Fallot is important because, while the latter 
malformation is dramatically helped by the 
Blalock-Taussig operation, each of the 3 
patients with valvular pulmonic stenosis who 
were operated upon because of an erroneous 
diagnosis of tetralogy of Fallot failed to do well 
after operation. Although the dyspnea and cya- 
nosis were improved after the circulation to 
the lungs was increased, the increased volume 
of blood returned to the left auricle tended to 
close the valve of the foramen ovale, and 
thereby increased the strain on the right side 
of the heart. In each of the above-mentioned 
patients operation caused tremendous cardiac 
enlargement and cardiac failure with a huge 
pulsating liver. 

These patients have since been reoperated 
upon, 2 by Mr. Brock and 1 by Dr. Blalock. 
The pulmonic stenosis was approached directly 
through the right ventricle, and the pulmonic 
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valve was cut; subsequently, the subclavian- 
pulmonary artery anastomosis was closed. The 
first patient was in severe heart failure and had 
recently developed a hemiplegia. He died im- 
mediately after the operation. The diagnosis of 
valvular pulmonic stenosis with patency of the 
foramen ovale was confirmed at autopsy. The 
other 2 patients were greatly improved. In each 
instance the liver promptly receded and ceased 
to pulsate, and the patient regained compensa- 
tion. The arterial oxygen saturation rose to 
nearly normal levels, the symptoms were alle- 
viated, and the patients have done well. Pul- 
monic valvulotomy has since been performed 
with gratifying results on other patients with 
this malformation. These will be reported at a 
later date." 

The clinical picture presented by the te- 
tralogy of Fallot is quite distinct from that 
produced by valvular pulmonic stenosis with a 
patent foramen ovale. The absence of marked 
cardiac enlargement and the concave curve in 
the pulmonary area, the absence of pulsations 
of the liver, and the short circulation time 
differentiate the tetralogy of Fallot from 
“pure” pulmonic stenosis. The following fea- 
tures are also helpful. In the tetralogy cyanosis 
and dyspnea are proportionate to each other 
and usually appear in early infancy. Attacks 
of paroxysmal dyspnea are common. The pa- 
tient typically assumes a squatting position 
to rest. The electrocardiogram shows right axis 
deviation and right ventricular hypertrophy; 
however, there is usually no prolongation of 
auriculoventricular or of intraventricular con- 
duction time. In doubtful cases either angio- 
cardiography or cardiac catheterization aid in 
the differentiation of the two malformations. 

This clinical syndrome even more closely 
resembles that due to Ebstein’s anomaly of 
the tricuspid valve with patency of the fora- 
men ovale.”” This malformation is not amen- 
able to surgery. It is differentiated by the 
following features. In Ebstein’s anomaly cyano- 
sis is more marked than the dyspnea. The 
heart sounds usually are of poor quality, often 
there is a gallop rhythm, and there may be a 
diastolic murmur in addition to the systolic 
murmur. The liver may be enlarged, but un- 
less the patient is in heart failure, there are 


no pulsations palpable at its margin. On flu- 
oroscopy there is an absence of fullness in the 
region of the pulmonic conus, and the pulsa- 
tions of the right auricle and the right ventricle 
are much reduced in amplitude. Angiocardio- 
grams, as in valvular pulmonic stenosis, show 
delayed emptying of a large right auricle and 
ventricle, but the contrast solution can usually 
be seen to extend almost to the margin of the 
cardiac silhouette, indicating that the right 
auricle and right ventricle are thin-walled. Al- 
though cardiac catheterization is not recom- 
mended if the diagnosis of Ebstein’s anomaly 
is suspected, in 1 patient in whom it was per- 
formed, the findings differed from those of 
valvular pulmonic stenosis in that the pressures 
in the right auricle and right ventricle were 
not greatly elevated.?° 

Cor pulmonale with patency of the foramen 
ovale” may be confused with this malforma- 
tion. The quality of the second sound at the 
base may aid in the differentiation of these 
two malformations. In patients with pulmonic 
stenosis, the second sound at the base is weak, 
whereas in cor pulmonale it is usually accentu- 
ated. In doubtful instances cardiac catheteriza- 
tion and measurement of the pressure in the 
pulmonary artery may be necessary to differ- 
entiate the two conditions. 

The Eisenmenger complex may be suggested 
by the delay in onset of cyanosis and the full 
pulmonary conus. The chief differential points 
in this malformation are the absence of a pul- 
sating liver, the frequent finding of a blowing, 
diastolic murmur, and the fluoroscopic visual- 
ization of enlarged and pulsating pulmonary 
arteries and congested lung vascular markings. 
Due to the overriding aorta there is a short 
circulation time. The exercise test usually 
shows a rise in oxygen consumption per liter 
of ventilation after exercise. Right heart cathe- 
terization shows a high pressure in the pul- 
monary arteries as well as in the right 
ventricle.” It may be possible to catheterize 
the aorta from the right ventricle. On the 
angiocardiogram there is prompt emptying of 
the right side of the heart, the pulmonary 
circulation is increased, and there is early visu- 
alization of the overriding aorta. 
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SUMMARY 


Three illustrative cases of valvular pulmonic 
stenosis with patency of the foramen ovale 
proved by autopsy have been presented. Al- 
though the malformation has been recognized 
at postmortem examination for the past 140 
years, the correct diagnosis heretofore was 
rarely made before death. Nevertheless, cor- 
relation of the clinical and pathologic findings 
in the group of patients collected from the 
literature and of these which we have studied 
reveals that the clinical picture presented by 
this malformation is so characteristic as to 
permit its accurate diagnosis during life. 

The salient features of the clinical syndrome 
are: delayed onset of cyanosis, dyspnea which 
is usually greater in severity and earlier in 
appearance than is the cyanosis, absence of 
squatting to rest after easy fatigue, a precordial 
bulge, an enlarged heart with a pulmonic sys- 
tolic murmur and a weak second sound, and 
an enlarged and pulsating liver. Fluoroscopy 
shows vigorous pulsations in the enlarged right 
auricle and, unless it is failing, in the large 
right ventricle. The pulmonic conus is promi- 
nent, and there are large pulmonary arteries 
with minimal or absent expansile pulsations. 
The peripheral lung fields are abnormally clear. 
The electrocardiogram shows evidence of either 
right bundle branch block or right axis devia- 
tion and right ventricular hypertrophy. There 
is often a first degree A-V heart block and the 
P waves are high and peaked. The circulation 
time is usually prolonged. There is arterial 
oxygen unsaturation and compensatory poly- 
cythemia. Angiocardiogram shows delayed 
emptying of the hypertrophied right auricle 
and right ventricle and the dilated pulmonary 
artery; visualization of the aorta early in the 
series of films occurs only after some of the 
contrast solution has passed from the right 
auricle into the left auricle and left ventricle. 
Right heart catheterization shows an elevated 
pressure in the right auricle and right ventricle 
and a low pressure in the pulmonary artery. 

The malformation must be differentiated 
from the tetralogy of Fallot, from Ebstein’s 
anomaly of the tricuspid valve, from cor pul- 
monale, and also from the Eisenmenger com- 


plex. The differential diagnosis is discussed. It 
is important to make the correct diagnosis, 
for patients with this malformation may be 
helped by valvulotomy. 
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A Hypertensive Syndrome with Relative 
Adrenal Cortical Overactivity 


By Dean F. Davies, Px.D., M.D., anp HELEN E. Ciark, M.D. 


The authors have used the concentration of salt in sweat as an objective test to demonstrate the 
existence of a group of hypertensive patients with clinical signs of hyperadrenocortical function. 
The significantly lower concentration of salt in the sweat of patients with this endocrine hyperten- 
sive syndrome distinguishes them from other hypertensive patients who show no significant differ- 
ence from normal. That this difference reflects an adrenal pathway is further suggested by Conn’s 
demonstration that hypoadrenal activity is associated with high concentrations, and hyperadrenal 


function with low concentrations of salt in sweat. 


T HAS BEEN repeatedly demonstrated in 
the treatment of Addison’s disease,’ in 
rats,“ and in normotensive and hyper- 

tensive human beings*~!° that desoxycorticos- 
terone acetate in large enough doses will 
elevate blood pressure to pathologic levels. Al- 
though many suggestions have been made that 
the adrenal cortex may play a role in the 
causation of human essential hypertension 
there is no sound evidence that cases so classi- 
fied have hyperactivity of adrenal cortical func- 
tion. 

Recently, Conn'*!® has used a method of 
estimating the salt-retaining function of the 
adrenal cortex by measuring the concentration 
of salt in sweat. He found sodium and chloride 
concentrations high in Addison’s disease and 
very low in Cushing’s syndrome. Schroeder?*—* 
has pointed out some of the clinical character- 
istics of a group of hypertensive women which 
he tentatively called ‘‘pseudo-Cushing’s syn- 
drome.” This group has been differentiated 
chemically as well as clinically from other types 
of ‘‘essential” hypertension and will be shown 
to have the abnormal salt concentration of 


sweat characteristic of hyperadrenocorticalism. 
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Missouri. 
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A preliminary report of this work has been pre- 
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iological Society, Augusta, Georgia, September, 
1949. 


The majority of cases of hypertension of other, 
or unknown, etiology do not have this charac- 
teristic. 


METHODS 
Selection of Subjects 


Controls. Subjects included in this report fell 
into four groups. Twenty-one normal, active mem- 
bers of the hospital staff, most of whom were in 
their third decade, served as controls. Ten were 
men; 11 were women. 

Endocrine Hypertensive Syndrome.* A second 
group of 24 hypertensive women were selected for 
evidence of metabolic disturbances of the type which 
has been tentatively called ‘“pseudo-Cushing’s syn- 
drome.’’2! The three most important diagnostic clin- 
ical findings in these patients were: central obesity, 
which was often excessive, chiefly in the thighs, ab- 
domen, breasts and face; a history of sudden weight 
gain, often occurring at the menarche, menopause, 
after childbirth or after gynecologic operation; and 
menstrual abnormalities, including artificial meno- 
pause. Secondary and less common signs included 
hirsutism, light striae on abdomen and thighs and 
occasionally on upper arms, tendency to bruise 
easily and the presence of sugar in the urine or a 
diabetic type of glucose tolerance curve. Table 4 
shows a tabulation of the presence or absence of 
each of these signs. 

Other Hypertensives. A third group consisted of 
16 hypertensive women and 6 hypertensive men. 
None of them had enough characteristics of the 


* This nonspecific term is used in preference to on 
referring to the adrenal cortex, because the possi- 
bility remains that the clinical and laboratory mani 
festations of hyperadrenocortical activity are relativ: 
and due to a decrease in some balancing hormone 
It seems more likely that stimulation of the adrena! 
cortex is part of a chain of endocrine disturbance: 
which may involve the ovary and the pituitary. 
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ndocrine syndrome to warrant the diagnosis. One 
iad coarctation of the aorta, 2 chronic glomerulo- 
iephritis, and the other 19 had hypertension of 
inknown etiology (Table 5). 


TABLE 1.—Sweat Sodium and Chloride Concentrations in Normal Men and Women 


| 


Sweat Sodium 


Subject No. of Tests 


495 


110 F. as near saturation as possible. At the end of 
15 minutes and at the end of 30 minutes, sweat was 
collected directly into a chemically clean test tube 
from the cleaned area. During this interval internal 


Sweat Chloride 





15 Min. 





MnNa/Mn Cl 


30 Min. 15 Min. 30 Min. 


Men 


K NOR RR Re Re Re Re 
(4aaaazaeeee 


oie, | 
36.8 
80.0 
62.2 








Women 


47.5 
42.7 
66.8 
19.4 
6 

3 








Means 
o 


Mn 





* Three months pregnant. 
+ Summer. Others in winter. 


Obesity. Kight normotensive women were selected 
or obesity alone to rule out any role this factor 
night play in the endocrine group Schroeder de- 
cribed, since the maximum weight of the patients 
ff the latter group averaged over 200 pounds. 


"echnic 


The entire back of each subject was sponged clean 
vith aleohol and dried. The subject was permitted 
o sit in a steam room maintained: between 102 and 





body temperatures rose considerably. The possi- 
bility of condensation of moisture on the skin as well 
as of evaporation from the body, though not com- 
pletely eliminated, were thought to be negligible. 
However, because of the greater possibility of con- 
densation of moisture on the skin at the beginning 
and because of the probability that full response to 
the sweating stimulus was not acquired as rapidly 
in one subject as in the next, the 30 minute samples 
were taken as the more dependable. The greater 





496 HYPERTENSIVE SYNDROME WITH ADRENOCORTICAL OVERACTIVITY 


range of concentrations in the 15 minute samples of 
each group is in keeping with this reasoning. 

Analyses for sodium were made on the Beckman 
Flame Photometer at a wave length of 589 » and 
for chloride by titration, using the Wilson-Ball 
modification of the Van Slyke method. Statistical 
analysis for the significance of differences between 
means was made by Fisher’s ¢ test. for small samples*5 
from which probability values were found. 


Season. Table 2 shows a comparison of tests 
performed on the same normal subjects between 
February and August. Salt concentrations in 
sweat were found to fall with seasonal increase: 
in temperature. In February, when the averag 
St. Louis temperature was 35.8 F., the mear 
concentration of sodium in the 30 minut 


TABLE 2.—Sweat Sodium and Chloride Concentrations in Winter and Summer on Same Subjects 


Sweat Sodium Sweat Chloride Na/Cl 


Subject & Sex Date 
| 
15 Min. | 30 Min. 15 Min. | 30 Min. 15 Min. 30 Min. 


' 


Winter 
E. M.9? 2/18/49 47. 70.0 
G. G. 2/18/49 42. 74.5 
B. W.9 2/18/49 ; 64.1 
W. B. 2/18/49 rc 44.7 
H. H.9 2/19/49 ¢ 
D. D.¢d tT 39. 60.3 
H.S8.¢' 2/18/49 ’ 77.8 


Mean Se wake re 54. 65.2 
Summer 


KE. M. 
G. G. 
B.W. 
W. B. 
H. H. 
p59. 
H. 8. 


26/49 ; 14.6 

26/49 34. 39.5 

(26/49 44. 49.1 

/26/49 31.- 33.3 

26/49 “ (19.9)* 

26/49 : 41.6 : 
26/49 44.8 57.0 42.0 


qaqa sj sj] ss) 6) 


Mean ; a2.2 39.2 27.5 


* Parenthesis around figures indicates they were not included in means. 
+ Mean of 4 tests: 2/14/49, 2/18/49, 2/19/49, 2/23/49. 


RESULTS 
Sex. Table 1 shows concentrations of sodium 
and chloride in sweat in milliequivalents per 
liter in normal men and normal women after 15 
and 30 minutes in the steam room. Tests were 


done in the winter in all but one man and one: 


woman so that the effect of seasonal variation 
is not present. Although the mean values for 
both sodium and chloride are lower in women 
than in men, the individual variation is so great 
in both groups that the differences are not 
significant. However, it is possible that women 
could be shown to average lower sweat salt 
concentrations than men by a much larger 
sampling. 


samples of sweat was 65.2 mEq. per liter. In 
July, the mean temperature was 80.8 F. and 
the sodium concentration in sweat of these 
subjects averaged 39.2 mEq. per liter. The 
average decrease in sodium concentration in 
these subjects compared favorably with the 
differences found between two groups of 19 
summer and 19 winter tests on normal subjects 
(fig. 1) including those in table 2. The mean 30 
minute sample had a sodium concentration of 
30.7 mEq. per liter lower in summer than in 
winter. 

Since patients were tested in each month 
from February to August, this seasonal vari- 
ation had to be taken into consideration in 
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comparing groups with each other. Of the 24 
endocrine hypertensive patients 10 were tested 
in winter. The other 14 patients were tested 
between June 29 and August 10. Among the 
nonendocrine hypertensives, 7 of 22 patients 
were tested in summer. 

Weight. Since one of the clinical character- 
istics of Schroeder’s endocrine syndrome is 
obesity, the 8 normotensive obese women given 
the test were compared with 8 normotensive 
women of normal weight. The results are shown 
in table 3. The mean weight of the obese group 
was 194 pounds, while the others averaged 122 
pounds. Obesity, per se, did not consistently 
alter salt excretion in sweat. Actually the range 
of concentrations was much larger among the 


0 
Individuals 


Fic. 1. Seasonal differences in electrolyte concen- 
tration of sweat between two groups of normal sub- 
jects. Points represent individual sodium concentra- 
tions arranged in descending order for each group. 


obese women than among the normals, but 
there was no significant difference in either the 
15 or 30 minute samples between the two 
groups. Because of this lack of difference and 
since the obese normotensives were tested in 
summer they were incorporated into the 
summer group of figure 1. 

Hypertension. Only 3 of the 24 endocrine 
hypertensive patients had a concentration of 
sodium in sweat above 35 mEq. per liter at 30 
minutes. In one it was 38.3 and was the only 
sample obtainable. Although rates of sweating 
were not measured, difficulty in obtaining sweat 
from the back was found fairly frequently in 
this group of patients. The mean of the sodium 
concentration at 30 minutes for the entire group 
of the endocrine syndrome was 20.2 mEq. per 
liter. These results are shown in table 4. 

Of the 22 cases of other types of hypertension 


(table 5), only 4 had concentrations of sodium 
in sweat collected at the end of 30 minutes 
below 35 mEq. per liter. One (F. Wal.) was a 
man with nephritis, one (J. Ros.) an over- 
weight man with neurasthenic symptoms, one a 
markedly underweight woman of 33 (A. She.), 
and one (A. Kno.) a woman with a history of 
menstrual abnormalities but no other signs of 
endocrine dysfunction. The mean sodium con- 
centration at 30 minutes for the entire group 


TABLE 3.—Obese Normotensive Women—Summer 


= 
| Sweat Sodium 
Patient | Age Wt. 


| 15 Min. | 30 Min. 
Dol., J. Fis -98 ; bez | 24.2 
Bro., M. 120.0} 60.8 
Gat., O. 13.0| 5.0 
Mer.,D. | W : 18.2; 21.0 
Wil., L. ] 25.2| 37. 

Joh., E. 3° 228 | 18.6) 16.$ 
Wat., F. J 21.2| 45. 

Jen., V. 2 21: 35.9) 14.5 


Mean 


35.3 28.1 
32. V7.2 
12. 


‘ 


6.5 
Normal Weight Normotensive Women—Summer 


Men., E. W 26 103 20.2 14.6 
Gol., G. W 125 34.0 

Whe., B. WwW 105 44.0 

Bru;,. W. W 135 31.4 

Hil., H. W 110 19.3 | 
Cha., H. Ww 130 38.5 

Lan., B. W 140 29.0 | 
Mue., D. W 125 32.9 


~) 
~~) 


on w 


w 


NNNWNN WN 
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bo 
wae 
2 


122 31.2 | 
24.9 | 
9.4 | 


was 51.5 mEq. per liter. Six men were included 
in this group. The mean of their concentrations 
of sweat sodium was lower than that of non- 
endocrine hypertensive women; their inclusion 
therefore decreased the differences between en- 
docrine and nonendocrine groups. 

Known Duration and Severity of Hypertension. 
In the endocrine series the known duration of 
hypertension varied from one month to 16 
years, the mean being 4.3 years. Six had been 
recognized less than one year. The duration of 
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hypertension in the others varied from 6 
months to 18 years and averaged 7.8 years 
While it might be argued on this basis that the 
type described by Schroeder represents an early 
stage of hypertension, the absence of any 
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two groups. Eleven patients in each group fell 
in the severe category; 2 with the endocrine 
hypertensive syndrome and 4 of the others were 
mild. When the groups were divided into mild, 
moderate and severe categories according t« 


TABLE 4.—Endocrine Hypertensive Syndrome 








| Sweat Sodium 


Patient Date Sex | Race} / 


Sca., M. 
Smi., L. 
Tat., M. 
Cha , L. 
Lar., M. 
Bla., H.f 
Mon., 8. 
Ray., F. 
Kec., I. 
Pru., M. 
Ruc., E. 
Pru., L. 
Hen., O. 
Hud., G. 
Cud., M. 
Hin., M. 
Lon., M. 
Mil., L. 
Sto., M. 
Spe., L.t 
Mar., R. 
Wil., A. 
Spe., H. 
Ste., A. 
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3.1 
6 
8 
| 
8 
3.5 
7 
3.7 | 
6 
4 
3 
2 | 
5 
4 | 
9 
7 
3 
5.1 
9.4 
9.1 
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* Mean of tests on 2/25, 3/5, 3/31/49. 
+ Mean of tests on 2/21, 3/11, 5/24, 6/1/49. 
$45 minute sample. 


§ Mean of tests on 2/23, 3/8, 5/11/49. 


history of the signs and symptoms discussed 
above in the group of unknown etiology is 
fairly conclusive evidence against this possi- 
bility. Comparison of the highest recorded dias- 
tolic blood pressures of each patient showed 
that the distribution of mild (<100 mm. Hg), 
moderate (100-120 mm. Hg) and severe (> 120 
mm. Hg) levels was approximately equal in the 


Maximum Weight 


] 
| 


| 

| 

| Known 
Duration | 


of Hyper- | 
tension | 


| 


Yrs. 


Gain 
malities 
Tolerance Curve 


Menstrual Abnor- 


Present Weight 
Central Obesity 
Hirsutism 

Light Striae 
Easy Bruising 
Diabetic Glucose 
Urine Sugar 


| Sudden Weight 
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the lowest recorded diastolic pressures, the dis- 
tribution was 10, 10 and 4 for the endocrine 
type and 9, 11 and 2 for the others, respectively. 

Sodium to Chloride Ratio. The ratio of sodium 
to chloride* concentrations in the 15 and 30 





*In making these comparisons chloride values 
below 5.0 mEq. per liter were rejected because of the 
titrimetric error in determining such small amounts. 
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500 HYPERTENSIVE SYNDROME WITH 


minute samples were calculated. The average 
values of both samples were 1.0 for normal 
men and for normal women in winter (table 1). 


There were differences between the two samples 


LOJEndocnne Hypertensive Syndrome 


Comer Hypertensives 


30 Min Na Concentraton Meg/L 


Fic. 2. Frequency histograms comparing sodium 
concentrations of sweat after 30 minutes in a steam 
room in two groups of hypertensive subjects. 


ADRENOCORTICAL OVERACTIVITY 


ANALYSIS 

Figure 2 shows a comparison of the two 
hypertensive groups uncorrected for seasonal 
differences. The data fall into two distinct 
distribution curves. As might be suspected, the 
concentrations of sodium in sweat of some of 
the patients with the endocrine hypertensive 
syndrome are not as low as is found in Cushing’s 
syndrome. 

Table 6 shows probabilities that the differ- 
ences between various groups could be ex- 
plained by chance. The difference between 
normal men and women and between normal- 
weight normotensive women and obese normo- 
tensive women is not significant. On the other 
hand, the difference between winter-normal and 
summer-normal tests is highly significant. To 
establish the fact that the endocrine hyper- 
tensives have lower concentrations of salt in 


TABLE 6.—Significance of Differences Between Groups 


(30 minute sweat sodium concentration) 


Mean | t 


mEg/l. 


Normal men 64.8 0.90 

Normal women* 35.1 | 0.87 

Winter normals 63.6 5.4 

Endocrine hypertensive syn- | 20.4 2.6 
drome 

Other hypertensives ; 9 

Other hypertensives (summer) . 3 


* Summer only. 


and between winter and summer determina- 
tions. The effect of season seemed real; while 
the ratio fell 14 per cent in normal subjects 
(table 2) in summer, the same individuals 
showed an average increase of 9 per cent in 
winter. The winter tests of both hypertensive 
groups showed a tendency for the ratio to 
decrease in the 30 minute sample. The endo- 
crine group showed an average change in ratio 
of sodium to chloride from 1.19 to 0.96, a fall of 
23 per cent, and the nonendocrine hypertensives 
an average decrease of 14 per cent (1.19 to 
1.03). Although these differences cannot be 
adequately interpreted, they show that sweat 
sodium and chloride values have generally the 
same order of magnitude. 


>0.30 


<0.001 


D.F. Mean Group 


mEq/l. 
19 57.1 
12 28.1 
16 32.9 
41 32.9 


Normal women 
Obese women* 
Summer normals 
Summer normals 


39 63.6 
22 56.1 


Winter normals 
Other hypertensives (winter) 


sweat than other groups, they were compared 
with summer-normals in spite of the presence 
of 10 who had tests in winter, thus tending to 
‘aise the mean and the standard deviation of 
the group. In spite of this there is 1 chance in 
100 that it is not a statistically distinct group. 

These differences were obtained without con- 
sideration for the physiologic state of the 
patients except that those who had been on low 
salt diets were instructed to take salt ad libitum. 
Tests on patients who remained on low salt 
diets were not used in these studies. The effect 
of a meal, of exercise, of emotional states or 
time of day were not investigated. None were 
basal. It is probable that the differences demon- 
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trated would be even more significant if vari- 
tions due to these factors were controlled. 
Similarly, the other hypertensives were com- 
vared with the highest (winter) normal group, 
n spite of the presence of 8 summer-hyper- 
ensive patients, to see if hyperadrenocortical 
unction could be claimed. The chances that 
hey belong to the same group are over 35 in 
00 in spite of the presence of two cases of 
lomerulonephritis which tended to increase the 
ifference between the groups. 
Figure 3 shows mean 30 minute sodium 
alues of normals, and endocrine and other 
liypertensives in winter and summer. It is seen 
that the normals and endocrine hypertensives 
deerease almost 50 per cent in summer. The 


\ ee 


BB endocrine typertoraiee Syndrome 


Winter 


Fic. 3. Mean seasonal differences in concentration 
of sodium in sweat for normal subjects, patients with 
endocrine and nonendocrine hypertension. See text. 


change in the other hypertensives is not as 
great and is probably significantly less than the 
normals since the fall was only 20 per cent of 
the winter level; because of the small number 
of summer-hypertensives in this group the de- 
erease is not statistically significant. Nor is the 
difference between summer-normals and sum- 
mer-hypertensives significant. 


DISCUSSION 


Various descriptions of hypertensive states 
with an endocrine factor have been made. In 
some there are distinct differences from the 
characteristics of the endocrine hypertensive 
syndrome. Others, though poorly defined, are 
compatible with this diagnosis. 

Cushing’s syndrome” in women is character- 
ized by hypertension, glycosuria, osteoporosis, 


obesity of the face and trunk, purple striae, 
hirsutism and amenorrhea. This symptom-com- 
plex has been explained on the basis of adrenal 
cortical tumors, lesions of the hypothalamus, 
adenomas and hyalinization of basophil cells 
of the pituitary, and tumors of the thymus. 
Cases of the endocrine type often qualitatively 
resemble Cushing’s syndrome in a number of 
respects, including hypertension, central obes- 
ity, menstrual abnormalities, and low salt con- 
centration in sweat. However, in general it is a 
milder and less easily recognized group of symp- 
toms and may have no evidence of hirsutism, 
abnormal carbohydrate metabolism, or oste- 
oporosis. In response to small doses of insulin, 
four showed increased (>2 on) and five showed 
decreased (<2 oy) sensitivity. One fell within 
normal limits.”’ That it is clinically recognizable 
with few exceptions has been demonstrated by 
the confirmatory evidence of low salt concen- 
tration in sweat shown above.* It is probable 
that the cases studied, with the possible ex- 
ception of L. Cha., result from hormonal im- 
balance without adenomatous growth. 

One of the endocrine hypertensives, M. Lar., 
was studied in detail by Daughaday and Mac- 
Bryde. On changing suddenly from a sodium 
intake of 3 mEq. per day to 205 mEq. per day 
“there was a remarkable carry-over of sodium 
conservation which produced a sodium reten- 
tion far in excess of any possible deficit accrued 
by sodium restriction.”” However, salt intake 
had no effect on either 17-ketosteroids or form- 
aldehydogenic steroid excretion. Two normo- 


*It is not known whether these differences in 
salt concentration of sweat are due to differences in 
physiologic response to the stress stimulus of a steam 
room or to a pre-existing difference in the composi- 
tion of sweat. However, a test for sodium in sweat 
reported recently by Leslie and Levin®® in which 
only one arm was warmed, sweat being collected 
from the other arm, gave normal values no higher 
than ours. Unfortunately, they did not record the 
climatic conditions at the time the tests were done. 
However, it is apparent that a stress applied to one 
extremity has no less effect on the factors regulating 
retention of salt than one applied systemically. In 
either case there is no evidence for or against the 
adrenal cortex playing an etiologic role in the ‘‘en- 
docrine hypertensive syndrome.’’ However, the stim- 
ulation of adrenocorticotropic hormone by epineph- 
rine must be considered as one possible mechanism. 
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tensive women accommodated rapidly to simi- 
lar sudden increases in sodium intake by 
increases in sodium excretion. No effect on 
steroid excretion was observed in either patient. 
Another patient from our endocrine hyper- 
tensive group, L. Spe., had an abnormally 
high excretion of formaldehydogenic steroids.?° 
Administered adrenocorticotropic hormone 
(ACTH) was active in stimulating sodium re- 
striction, but extreme changes in sodium intake 
apparently have no noticeable effect on release 
of ACTH. The problems raised by these results 
have been well summarized by Perera.*° 

In 1941 Rinehart*! added to the body of 
evidence that adrenal hyperplasia occurs often 
in cases of essential hypertension. Raab® in 
the same year reviewed the evidence for the 
part played by the adrenal in hypertension and 
demonstrated an increase in adrenocortical sub- 
stances in the blood in cases of “renal” hyper- 
tension with and without renal insufficiency as 
well as in congestive heart failure. He found no 
clear relation between the blood level of adreno- 
cortical compounds and the blood pressure and 
concluded that these compounds further the 
development of arteriolosclerosis with second- 
ary ischemic effects on the vasomotor centers of 
the brain and in the kidneys. 

The endocrine hypertensives reported here 
are not characterized by any degree of renal 
impairment and are occasionally mild cases 
with few symptoms. They cannot be called 
“venal’’ hypertensives since positive evidence 
for a renal factor is lacking. Usually intravenous 
pyelography and urine cultures are negative. 
Therefore, we do not believe this group is 
related to the type Raab has reported. 

Bruger and co-workers* confirmed previous 
reports that hypertension “is not necessarily 
accompanied by any specific alteration in the 
histology of the adrenal cortex.” They further 
reported a lower 17-ketosteroid excretion in 
hypertensive than in normal subjects. These 
findings are not incompatible with our results. 

F. Selye® reported the serum sodium to 
chloride ratio in 10 hypertensive patients to be 
elevated above 1.44, whereas in 24 other hyper- 
tensives and all normal subjects the ratio fell 
below this level. Although sweat sodium to 
chloride ratios were not elevated in the endo- 


crine group, some of her cases may have fallen 
into this category. 

Heinbecker" : ** has used studies of Cushing’s 
syndrome “as a basis for a concept of the 
pathogenesis of essential hypertension becaus2 
in both states there invariably develops di- 
astolic hypertension and arteriolar sclerosis.’ 
It may be that this analogy can be applied to 
the endocrine hypertensive syndrome, but ev:- 
dence for hyperadrenocortical function in th: 
remainder of essential hypertensives is stil 
lacking. The acclimatization of our other hyper- 
tensives to a St. Louis summer as measured by 
changes in sweat salt concentration seemed to 
be less than that of the normal and endocrine 
subjects (fig. 3). Although this requires con- 
firmation, it would suggest depletion of adreno- 
cortical reserves. That blood pressure can be 
maintained at high levels with normal or de- 
creased function of the salt-retaining factors in 
such individuals is taken as indirect evidence 
that such a mechanism does not play a promi- 
nent role in the maintenance of their hyper- 
tension. 

H. Selye and associates** have recently re- 
emphasized their previous evidence that the 
production of hypertension and nephrosclerosis 
in rats is dependent on administration of both 
desoxycorticosterone and the sodium ion. 
Neither DCA and a salt-free diet nor 1 per cent 
sodium chloride without DCA _ resulted in 
nephrosclerosis or a significant change in blood 
pressure. These data are particularly pertinent 
in the light of Schroeder’s report of patients 
falling into this clinical syndrome who re- 
sponded to a low salt diet by a fall of blood 
pressure.”! Other hypertensives did not respond 
to a low salt diet with a significant fall in blood 
pressure. Four of those who did respond have 
since been found to have low sweat salt concen- 
trations. Similar results have been obtained 
by Grollman and associates.*® Sensitivity of 
blood pressure to sodium chloride intake was 
found in 2. All three who responded were 
women; one had had an operation for remova! 
of uterine myomas, and a second was obese. 
These facts suggest that the differences in re- 
sponse to salt restriction found may have been 
related to the type of hypertension which these 
patients had. 

Although the electrolyte-regulating zona 
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lomerulosa of the adrenal cortex seems to be 
latively unaffected by hypophysectomy in the 
it,37 there is good evidence that adrenocortico- 
vopic hormone influences electrolyte metabo- 
sm in man. There is an increased salt retention 
{ter administration of adrenocorticotropic hor- 
ione (ACTH),** presumably a manifestation 
f increased adrenocortical function. Decreased 
-oneentration of salt in sweat has also been 
‘ound by Conn and ourselves after ACTH 
«dministration'®: ?° and in acclimatization to 
heat.7+19 The effect of changes in climatic 
-onditions on adrenal cortical function has been 
studied by Kark.*® Sudden exposure to cold 
produced metabolic changes, including sodium 
and chloride retention, similar to those follow- 
ing the injection of adrenocorticotropic hor- 
mone. This link would make a primary disturb- 
anee in the cerebral cortex or hypothalamus 
more plausible by permitting a pituitary- 
adrenal pathway for the production of the 
symptomatology characteristic of increased 
adrenocortical function. However, other possi- 
ble explanations of the defect in the syndrome 
here described include suppression of the in- 
hibiting effect of ovarian hormones on the 
pituitary by decreased ovarian function as sug- 
vested by the gynecologic history. There may 
also be a true or relative decrease in production 
of a salt-losing hormone. Investigation of the 
possibilities is in progress and detailed case 
studies of these patients will be published. 


CONCLUSIONS 


Hypertensive patients selected at random 
from the wards of Barnes Hospital and the 
‘lypertension Clinic of Washington University 
have been separated into two groups, each with 
\ distinct distribution curve of the concentra- 
ion of sodium and chloride in sweat, and with 
lissimilar clinical characteristics. The results 
ire presented as evidence (1) for the existence 
‘f a type of hypertension in which there is an 
ibnormal reabsorption of salt from sweat prob- 
‘bly mediated through the adrenal cortex, to- 
‘ether with clinical signs of hyperadrenocortical 
‘unction; (2) against a hyperactivity of the 
alt-retaining hormone of the adrenal cortex in 
the majority of cases of essential hypertension. 

The proportion of hypertensives belonging to 
ihe endocrine hypertensive syndrome is greater 


than originally thought but probably does not 
exceed 20 per cent of all cases of essential 
hypertension. 


SUMMARY 


1. Standards for normal men and women and 
obese women have been established for a test 
of salt concentration in sweat. 

2. Differences between winter and summer 
for normal subjects under the conditions of the 
test have been established. 

3. A new syndrome has been distinguished 
from the group previously called essential 
hypertension by clinical characteristics and by 
demonstration of a significant difference in their 
sweat salt concentrations. 

4. The remainder of hypertensive patients 
studied were found not to differ from the normal 
group in their sweat salt concentration. 

5. It is suggested that the salt retaining 
hormone of the adrenal cortex is not hyper- 
active in the majority of cases of hypertension, 
but that it may be in the new group identified 
by Schroeder. 
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The Nature of Pressor Substances in 
Pheochromocytomas 


By D. M. Prrearrn, M.D., AND W. B. Youmans, M.D. 


The actions of aqueous extracts of two pheochromocytomas are compared before and after the ad- 
ministration of the adrenergic blocking agent, Dibenamine. One tumor contained predominantly a 
substance which, like norepinephrine, had pressor actions after Dibenamine. The other tumor 
contained chiefly an epinephrine-like substance. The significance of the presence of norepinephrine 
in pheochromocytomas and its role in epinephrine metabolism are discussed. 


EVERAL investigators have detected 
norepinephrine in various tissues'~* and 
in Epinephrine, U.S.P., derived from the 

adrenal glands of cattle.7~® The suggestion has 
heen made repeatedly that norepinephrine may 
be a chemical mediator at certain adrenergic 
neuroeffector junctions.!: §»7,1°'8 There have 
appeared during the past year the first, and 
almost simultaneous, reports’: '*: !> of the pres- 
ence of varying amounts of norepinephrine in 
the human adrenal medulla and in pheochro- 
mocytomas. Ina preliminary paper,'® published 
at virtually the same time, we reported the 
presence of a large amount of a “pressor sub- 
stance other than epinephrine” in a pheochro- 
mocytoma. In each of these studies different 
chemical and biologic methods of identification 
were used. We have recently assayed a second 
pheochromocytoma. Methods similar to ours 
have been used by Beyer" in the study of two 
adrenal medullary tumors. 

There were distinct differences in the clinical 
aspects of our two cases. The first tumor (here- 
after referred to as tumor A) was removed from 
» 13 year old white boy who had severe sus- 
‘ained arterial hypertension. The clinical fea- 
‘ures resembled those seen in essential hyper- 
tension, and this emphasizes the necessity for 
considering pheochromocytoma in the differ- 
ential diagnosis of arterial hypertension. 


CasE REports 


Case 1. F. L., a 13 year old white boy, had com- 
plained of difficult vision for one year. He was 
examined by an ophthalmologist who noted changes 


From the Department of Physiology, University 
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in the ocular fundi compatible with those of an 
hypertensive retinopathy. He was referred to Doern- 
becher Memorial Hospital on Noy. 11, 1948. The 
only other symptoms were transient headaches asso- 
ciated with exertion, occasional episodes of sweating 
and intermittent pain in the lumbar region. 

He was a ruddy complexioned, alert and well 
developed boy who appeared well. The arterial 
blood pressure measured in the arms was 212/154, 
the pulse rate was 120, full and regular. There was 
marked edema of the optic discs and in the posterior 
poles of the retina with numerous large white 
exudates and striate hemorrhages. There was 
generalized constriction of the retinal arteries with 
well marked segmentation. The left cardiac border 
was displaced slightly to the left; the second aortic 
and pulmonic sounds were loud and snapping. The 
remainder of the physical examination was negative. 

Routine studies of the blood, urinalyses, phenol- 
sulfonphthalein test for kidney function, dextrose 
tolerance test, electrocardiograms, intravenous pyel- 
ograms and laminograms of both kidney areas were 
normal. 

On Nov. 15, 1948, N-piperidino-methyl-benzodi- 
oxane (20 mg.) was administered intravenously. 
Within two minutes after beginning the injection, 
the arterial blood pressure fell from 178/138 to 
152/100 and then rose in the next 15 minutes to 
198/158 mm. Hg. On Nov. 17, 1948, 2 mg. per Kg. 
of body weight of the adrenergic blocking agent, ’ 
N,N dibenzyl beta-chloroethylamine (Dibenamine), 
was injected intravenously. The arterial blood pres- 
sure fell from the resting level of 228/174 to 184/144 
three minutes after beginning the injection and had 
fallen to 130/100 six and one-half hours after 
Dibenamine where it remained for six hours (fig. 1). 
This result suggested that the major part of the 
patient’s hypertension was due to. circulating 
epinephrine or an epinephrine-like substance. On 
Nov. 18, 1948, under basal avertin anesthesia supple- 
mented with nitrous oxide and oxygen, a tumor of 
the left adrenal gland weighing 28 Gm., was removed 
and identified histologically as a pheochromocytoma. 
Benzodioxane and Dibenamine injections postoper- 
atively have produced no significant changes in the 
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arterial blood pressure while the patient remained 
in the supine position. He was last seen in December, 
1949, at which time he was asymptomatic and his 
arterial blood pressure was 132/88. 


The second case (hereafter referred to as 
tumor B) exhibited the symptoms more com- 
monly associated with pheochromocytomas. 


Case 2.* W. C., a 26 year old white rancher, was 
admitted to the Veterans Administration Hospital, 
Portland, Oregon, on Aug. 19, 1949. For one year he 
had noted frequent episodes of transient weakness, 
“knotting” in his stomach, palpitations, sweating 
and headache. These attacks were induced by ac- 
tivity and were relieved by rest. On one occasion the 
attack seemed to be related to emotional stress. He 
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Fic. 1. The response of the arterial blood pressure 
of a 13 year old male with a pheochromocytoma to 
the injection of 2 mg. per Kg. of Dibenamine. Time 
of injection is indicated by thick vertical line. The 
patient remained supine throughout the test period. 
Time in hours. 


was first seen at the Veterans Hospital as an out- 
patient. At that time his arterial blood pressure was 
reported to be within normal limits. The adminis- 
tration of 0.05 mg. of histamine base was followed 
by an elevation of the systolic blood pressure to 
230 mm. Hg. 

Physical examination revealed no abnormal find- 
ings. The arterial blood pressure was 120/80 mm. Hg. 

Laboratory studies: Hematology, urinalyses and 
serology were normal. The fasting blood glucose was 
145 mg. per 100 cubic centimeters. The basal meta- 
bolic rate was +4 per cent. The dextrose tolerance 
tests were within normal limits. 

During “attacks” the arterial blood pressure was 
not observed to exceed 150-160/90-100. On Aug. 29, 


* The complete case report will be published by 
Drs. Jarvis Gould and A. L. Mundal, Veterans Ad- 
ministration Hospital, Portland. Oregon. 


1949, a tumor weighing 9 Gm. was removed from the 
area medial and adjacent to the right adrenal gland, 
The tumor was identified histologically as a pheo- 
chromocytoma. 


Meruops 


The method of bioassay for each tumor was 
as follows: The arterial blood pressure of mon- 
grel dogs, anesthetized with sodium pentoba»- 
bital, was recorded directly by means of 4 
mercury manometer. Within two hours follow- 
ing surgical removal of the pheochromocytc- 
mas, aqueous extracts of the ground tumcr 
tissue were prepared in the proportions of 1) 
ec. of distilled water per 1 Gm. of tumor tissuc. 
The brei was then filtered through number 2 
filter paper. An estimation of the pressor ac- 
tivity of the tumor extract was obtained by 
comparison with l-epinephrine solution of 
known concentration (Parke-Davis & Co., 
Adrenalin Chloride). Dibenamine was then in- 
jected slowly intravenously during a 12 to 
15 minute period. The initial assays of tumor 
A were done using a Dibenamine dose of 30 
mg. per Kg. of body weight. A reduction of 
blood pressure was obviated in the subsequent 
assays by using a dose of 15 mg. per Kg. of 
Dibenamine. Thirty minutes or more after com- 
pletion of Dibenamine administration, the tu- 
mor extracts and known concentrations of epi- 
nephrine were again injected. 


RESULTS 


(1) Effects of the Tumor Extracts upon Arterial 
Blood Pressure. The extract of tumor A had 
marked pressor potency prior to Dibenamine 
administration; the pressor potency of 0.03 ec. 
of the extract was approximately equal to 1.0 
ec. of 1:100,000 l-epinephrine. Following 30 
mg. per Kg. of Dibenamine, the pressor re- 
sponse produced by the tumor extract was un- 
diminished compared with the response prior 
to Dibenamine. These results are illustrated 
in figure 2. Epinephrine produced the fall of 
blood pressure that is observed after Dibena 
mine, and the degree of fall in pressure was 
greater the larger the dose. Injections of the 
tumor extract repeated within a short. period 
of time produced qualitatively and quantita 
tively similar pressor responses. This is il- 
lustrated in figure 3. Injection of the tumor ex- 
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tr ict into an unanesthetized dog with a Thiry 
fi:tula of the jejunum caused complete inhi- 
bh tion of intestinal motility. This is shown in 
fi ure 4. The pressor potency of the refrigerated 
e tract and of a freshly prepared extract of 


1 


the refrigerated specimen was somewhat. re- 


the tumor extract in dosages up to 0.2 cc. 
produced depressor responses similar to those 
-aused by epinephrine. 

Two groups of normal beef adrenal glands 
were assayed, each group consisting of the 
combined tissues of 6 glands. The adrenal 


Time 1 sec 


Epinephrine Oibenamine Epinephrine 
0.03 cc. 1:100,000 10cc 240 mgms. 1:100.000 10cc. 


Extract Extract 
0.02 ec 


Fig. 2. Comparison of effects of extracts of tumor A and of epinephrine upon the blood pressure 
of a dog before and after the administration of 240 mg. per Kg. of Dibenamine (30 mg. per Kg.). At 
the third mark, the drum remained stationary for approximately 45 minutes. 


Time sec a 


Extract Epinepnrine Extract Cxtract 


Extract 
02 cc 1:100,005 2.0cc¢ O.2ec 0.2cc¢ 


O.2¢c 


Fic. 3. A continuation of the record shown in figure 2, illustrating the undiminished effect of 
repeated injections of the extract. 


‘uced 24 hours later, and was almost absent 
’ the fifth day. 
Aqueous extracts of tumor B produced pres- 
Sor responses prior to Dibenamine. An amount 
' 0.05 cc. of the extract was equivalent in 
} ressor potency to 1.0 cc. of 1:50,000 epineph- 
ne. Following 15 mg. per Kg. of Dibenamine, 


glands of 2 normal dogs were assayed sep- 
arately. The extracts of both types of tissues 
produced pressor responses before Dibenamine. 
Following Dibenamine there was, in every in- 
stance, either no pressor effect or a fall of blood 
pressure similar to that occurring after the in- 
jection of l-epinephrine. 
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The pressor responses produced by the tu- 
mor extracts may be attributed to a substance 
or substances either of sympathomimetic or 
nonsympathomimetic nature. The use of Di- 
benamine to differentiate these two classes of 
compounds rests upon its ability to block the 
pressor activity of sympathomimetic com- 
pounds without blocking the pressor responses 
to nonsympathomimetic compounds. The pres- 
sor effects of nonsympathomimetic compounds 
such as angiotonin and Pitressin are not blocked 
by Dibenamine.'*~*° Presumably, the site of 
action of these compounds is directly upon 
the contractile mechanism. 

(2) Effects of l-Epinephrine and l-Norepineph- 
rine upon Arterial Blood Pressure. Dibenamine 


Fic. 4. The effect of the extract of tumor A upon 
the motility of a segment of jejunum in the form of a 
Thiry fistula. The writing points from above down 
indicate: record of intestinal motility by means of a 
mercury manometer, zero pressure, time in five sec- 
ond intervals, and time of intravenous injection of 
0.2 ec. of tumor extract. The response is typical of 
that produced by sympathomimetic compounds. 


produces a blockade at certain excitatory ad- 
renergic neuroeffector junctions, but it does 
not block inhibitory adrenergic functions. Fol- 
lowing the administration of Dibenamine, 
according to the doses and time relations indi- 
cated by Nickerson and Goodman,” epineph- 
rine produces a typical depressor response. This 
is due, presumably, to the ‘“‘unmasking”’ of the 
vasodilator action of epinephrine. Their earlier 
studies indicated that the pressor effects of 
norepinephrine are blocked by Dibenamine, 
but that little or no reversal occurs because of 
the weak vasodilator action of norepinephrine. 
A later report by Nickerson” indicated that 
the time required for Dibenamine “‘fixation”’ 
in the tissues was probably nearer 90 minutes 


than 30 minutes; and epinephrine given within 
a 90-minute period after Dibenamine reduced 
the effectiveness of the blockade, possibly by 
competing with Dibenamine for its site of ac- 
tion. 

The assays of each tumor were begun 30 
to 40 minutes after the completion of Diben- 
amine administration. Multiple injections of 
epinephrine were given both before and afte: 
Dibenamine. The dissimilar results obtained 
in the bioassay of the tumors, and unantici- 
pated inconsistencies in the action of Diben- 
amine suggested that the pressor responses ob- 
served in tumor A after Dibenamine were, in 
reality, due to incomplete adrenergic blockade 
by Dibenamine. This led to an additional se- 
ries of experiments in which the effects of ]-epi- 
nephrine and |-norepinephrine upon the arte- 
rial blood pressure were compared after varying 
time and dose relations of Dibenamine. 

The first group of experiments was done upon 
4 dogs anesthetized with sodium pentobarbital. 
Two dogs were given 15 mg. per Kg. of Di- 
benamine and 2 were given 30 mg. per Kg. 
Equipressor doses of l-epinephrine and _ 1-nor- 
epinephrine were injected alternately before 
Dibenamine and 30 to 40 minutes after the 
completion of Dibenamine administration. In 
the 2 dogs in which 15 mg. per Kg. of Diben- 
amine was used, l-norepinephrine produced a 
distinct pressor response in one dog with the 
second injection of l-norepinephrine after Di- 
benamine. Subsequent doses of 1-norepineph- 
rine ranging from 1 cc. of 1:1000 to 1 ee. of 
1:50,000 concentration consistently produced 
pressor responses. In the second dog, a distinct 
pressor response occurred with the sixth in- 
jection of l-norepinephrine after Dibenamine. 
Of the 2 dogs in which 30 mg. per Kg. of Di- 
benamine was used, one animal failed to show 
pressor responses to 3 successive injections of 
l-norepinephrine 30 minutes after Dibenamine 
in doses as large as 10.0 ce. of 1:50,000 con- 
centration. In the second dog, 2 ec. of 1:50,000 
l-norepinephrine was given as the initial in- 
jection 30 minutes after Dibenamine, and pro- 
duced a small but distinct pressor response. 
Further injections of l-norepinephrine resulted 
in pressor responses of the same magnitude. 
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1 each of the four dogs, a wide range of doses 

' ]-epinephrine produced depressor responses. 

In two dogs, no injections were given prior 

) Dibenamine or less than two to three hours 

lowing the administration of 15 mg. per Kg. 

{ Dibenamine. Injections of l-epinephrine and 

norepinephrine were then given alternately. 

‘wo hours after Dibenamine administration, 

ie first and second injections of 1-norepineph- 

ine (1 ee. 1:50,000 and 1 ec. 1:1000 respec- 
‘.vely) produced slight reductions of blood pres- 
ure. The third injection of l-norepinephrine 

0.5 ec. 1:50,000) and subsequent injections 
each produced a pressor response. This is shown 
in figure 5. In the second dog, the first injec- 


rine Epinephrine 


ronan LNor Epinep! eee aten oon 


ny 
ce. 150,000 OSee. 150,000 


Fic. 5. Comparison of the effect upon arterial 
blood pressure of l-epinephrine and ]-norepinephrine 
two hours following the injection of 15 mg. per Kg. 
of Dibenamine. No compounds were injected during 
the two hour interval. 


tion given after the three hour interval was 0.5 
ee. 1:50,000 1-norepinephrine. A definite pres- 
sor response was obtained. In both dogs, 1-epi- 
nephrine produced only depressor responses. 
(3) Effects of Dibenamine upon Arterial Hy- 
vertension Produced by Constant Intravenous In- 
fusions of l-Epinephrine and l|-Norepinephrine. 
A pheochromocytoma which produces a sus- 
tained hypertension presumably does so by the 
more or less constant liberation of epinephrine 
9 an epinephrine-like substance into the cir- 
culation. If the injection of epinephrine during 
or soon after the administration of Dibenamine 
decreases the effectiveness of the adrenergic 
blockade, as has been suggested by. Nickerson” 
and supported by the experiments described 


above, the explanation of the neutralization by 
Dibenamine of the major part of the hyper- 
tension associated with pheochromocytomas is 
not readily apparent. Acute experiments were 
done in an attempt to simulate the sustained 
hypertension associated with some pheochro- 
mocytomas, and to study the effect of Diben- 
amine upon such hypertension. 

Constant intravenous infusions of either 
l-epinephrine (1:25,000) or l-norepinephrine 
were given to three dogs by means of a power- 
driven syringe. The rate of injection was ad- 
justed until the desired level of hypertension 
was obtained. A dose of 15 mg. per Kg. of 
Dibenamine was then injected intravenously 
during an eight minute period. Two of the 3 
dogs received |-norepinephrine infusions and 
the third dog received an infusion of 1-epi- 
nephrine. In each instance the drug infusions 
began 10 to 20 minutes prior to the injection 
of Dibenamine, and were continued through- 
out the period of Dibenamine administration. 
One |-norepinephrine infusion was continued 
for 60 minutes after Dibenamine, and the re- 
maining |-norepinephrine and |-epinephrine in- 
fusions were continued for 20 minutes after 
Dibenamine. Within five minutes after the be- 
ginning of the injection of Dibenamine, the 
arterial blood pressure declined steadily to the 
pre-hypertensive level, in the case of the ]-nor- 
epinephrine infusions, and to below the pre- 
hypertensive level in the l-epinephrine infusion. 
If the infusions were momentarily discontinued 
1 to 10 minutes after completion of Dibenamine 
injection, the arterial blood pressure returned 
to the pre-hypértensive level. When the 1-nor- 
epinephrine infusions were started again at the. 
same rate, the arterial blood pressure increased 
but only one-third as much as it did before 
Dibenamine. When the 1-epinephrine infusion 
was started again, the arterial blood pressure 
fell below the pre-hypertensive level. Single 
injections of l-epinephrine (1 to 2 ec. 1:50,000) 
produced pressor responses 20 minutes after 
Dibenamine and slight reductions of arterial 
blood pressure 40 to 60 minutes after Diben- 
amine. Single injections of l-norepinephrine (2 
cc. 1:50,000) produced consistent pressor re- 
sponses when injected 20 to 60 minutes after 
Dibenamine. 





PRESSOR SUBSTANCES IN PHEOCHROMOCYTOMAS 


DISCUSSION 

The results of these experiments indicate 
that, with the time and dose relations of Di- 
benamine which were used, the pressor re- 
sponse to l-norepinephrine is not always 
blocked, and its effects upon the arterial blood 
pressure after Dibenamine are unpredictable. 
The failure of Dibenamine to block the pressor 
activity of I-norepinephrine in dosages which 
are considerably greater than those necessary 
to block and to reverse the pressor response to 
all doses of l-epinephrine, indicates that Di- 
benamine cannot be used to differentiate pres- 
sor responses due to sympathomimetic and 
nonsympathomimetic compounds when norepi- 
nephrine is involved. Various other adrenergic 
blocking agents such as N-piperdino-methy]l- 
benzodioxane (933 F), yohimbine, ergotamine, 
and ergotoxine are known to be less effective 
in blocking the pressor activity of 1-norepi- 
nephrine than of epinephrine.*: ">. 7-5 In 
accordance with the observations of Nicker- 
son,” epinephrine injected during the adminis- 
tration of Dibenamine, or soon after, decreases 
the effectiveness of the adrenergic blockade. 

The findings in tumor A are compatible with 
the reports of the presence of norepinephrine 
in pheochromocytomas’: >. '7.?6 to the ex- 
tent that the actions of the pressor substance 
after Dibenamine resembled those of norepi- 
nephrine rather than epinephrine. The con- 
sistent depressor responses to extracts of tumor 
B after Dibenamine indicate that the major 
pressor principle in this tumor was epinephrine, 
but the presence of norepinephrine is not ex- 
cluded since the assay method is not quanti- 
tatively accurate. The absence of a pressor re- 
sponse to extracts of tumor B after Dibenamine, 
in contrast to tumor A, is similar to the re- 
sults of Beyer’ who has recently bioassayed 


two pheochromocytomas by the same method. - 


The pressor actions of the extracts of these tu- 
mors were abolished after incubation with 
amine oxidase. He calculated that the nor- 
epinephrine content of the two pheochromo- 
cytomas was approximately 50 per cent and 
90 per cent. 

Pheochromocytomas generally contain a 
higher percentage of norepinephrine than does 
normal adrenal medullary tissue. Golden- 


berg’ reported three tumors in which the nor 
epinephrine content ranged from 53 per cent 
to 90 per cent; Holton‘: '> assayed three tu 
mors which contained from 60 per cent to more 
than 90 per cent norepinephrine, and Calkins” 
reported a tumor containing approximately 82 
per cent norepinephrine. The presence of nor 
epinephrine in both normal and pathologic ad 
renal medullary tissue suggests that norepi- 
nephrine may be a precursor of epinephrine o1 
that norepinephrine may be liberated as sucl 
directly into the circulation. Blaschko”’ : ** has 
proposed that norepinephrine is the precursoi 
of epinephrine, and that the secondary amine, 
epinephrine, results from the methylation of the 
primary amine, norepinephrine. Biilbring and 
Burn?’ perfused suprarenal glands of dogs with 
heparinized blood and found that there was 
an increase in the secretion of epinephrine when 
norepinephrine was added to the perfused 
blood. Biilbring®® demonstrated that incubated 
suspensions of dog and cat adrenal glands are 
capable of converting norepinephrine to epi- 
nephrine. She concluded from her studies that 
epinephrine is produced from norepinephrine 
through a transmethylation reaction in the 
adrenal medulla. The presence of greater 
amounts of norepinephrine in adrenal medul- 
lary tumors suggests the possibility of impair- 
ment in the transmethylation reaction. 

The possibility of direct liberation of nor- 
epinephrine into the circulation has received 
the attention of several investigators. Follow- 
ing continuous stimulation of the splanchnic 
nerves in the chloralosed cat, West*! observed 
that epinephrine liberation gradually decreases 
until at the end of one hour 70 per cent of 
the active material from the adrenal gland is 
norepinephrine. Biilbring and Burn‘ stimulated 
the splanchnic nerves of spinal cats from which 
the viscera had been removed and the renal 
circulation excluded. Under these conditions 
splanchnic stimulation liberated from the ad- 
renal gland a mixture of epinephrine and nor- 
epinephrine in which the norepinephrine con- 
tent varied from 20 to 80 per cent. There is 
little information concerning the possibility 
that norepinephrine is liberated into the circu- 
lation from adrenal medullary tumors although 
Vogt has recently reported the detection of 
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‘ireulating norepinephrine in a case of pheo- 
‘hromocytoma. We have been unable to de- 

mine by the response of the arterial blood 
,ressure to Dibenamine either the nature or 
‘1e amounts of pressor substance or substances 
hich are liberated into circulation from pheo- 
‘nromocytomas. The arterial hypertension pro- 
cuced in dogs by the constant intravenous in- 
{ision of l-norepinephrine or 1-epinephrine was 
.dolished by the injection of 15 mg. per Kg. of 
jibenamine. Such a result is difficult to ex- 
plain in view of the frequent failure of Diben- 
amine to block the pressor effects of single 
injections of l-norepinephrine where the condi- 
tions for the development of adrenergic block- 
ade are most favorable. The demonstration of 
the presence of l-norepinephrine in adrenal med- 
ullary tumors does not justify the assumption 
that this is the substance being liberated into 
the circulation. Attempts to correlate bioassay 
findings with the clinical features of pheochro- 
mocytomas must be deferred until more in- 
formation is available concerning the nature of 
the active substance or substances which are 
liberated by these tumors. 

The demonstration of norepinephrine in the 
adrenal medulla as well as in various adrenergic 
nerves strengthens the concept that this com- 
pound is an intermediary in the production of 
epinephrine. Two observations indicate that 
this is the case rather than that epinephrine 
is the precursor of norepinephrine. First, the 
epinephrine: norepinephrine ratio is higher in 
normal than in tumorous adrenal medullary 
tissue. Second, the more physiologic the condi- 
tions under which epinephrine is liberated from 
‘he adrenal medulla, the greater the proportion 
of epinephrine released. 

The view may be restated®* that norepineph- 
‘ine is concerned with epinephrine metabolism 

1 all of the tissues which produce epinephrine. 
t is likely that both excitatory and inhibitory 
drenergic nerves and the adrenal medulla pro- 
‘uce epinephrine by the same steps and that 
he last step in the series of reactions is the con- 
ersion of norepinephrine to epinephrine. It is 
vossible that, from all sources, some norepi- 
iephrine enters the circulation and that from 
ome sources under certain conditions the pro- 
sortion of norepinephrine entering the cireula- 


tion may be increased. It is probably an over- 
simplification to consider that excitatory 
adrenergic nerves liberate only norepinephrine 
and inhibitory adrenergic nerves liberate only 
epinephrine. 


SUMMARY AND CONCLUSIONS 


1. Two cases of pheochromocytoma are re- 
ported. The tumors were bioassayed by com- 
paring the effects of the tumor extracts upon 
the arterial blood pressure of dogs before and 
after the administration of the adrenergic block- 
ing agent, Dibenamine. 

2. One tumor contained predominantly a 
substance resembling norepinephrine. The sec- 
ond tumor contained chiefly an epinephrine- 
like substance. 

3. Dibenamine is similar to other adrenergic 
blocking agents in its inability to block uni- 
formly the pressor action of norepinephrine. 

4. The role of norepinephrine in epinephrine 
metabolism is discussed. 
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\iffect of Strophanthus on Coronary Blood 
Flow and Cardiac Oxygen Consumption of 
Normal and Failing Human Hearts 


hy R. J. Bine, M.D., F. M. Maraist, M.D., J. F. Dammann, Jr., M.D., A. Draper, Jr., M.D., 
R. Hempecker, M.D., R. Datey, M.D., R. Gerarp, M.D., anp P. Catazen, M.D. 


The action of strophanthus preparations on the coronary blood flow and the oxidative metabolism 
of the normal and failing human heart has been studied by coronary sinus catheterization. It has 
been found that strophanthus preparations have no effect on the coronary flow or oxidative meta- 
bolism of either the normal or failing heart. This agrees with the concept that the oxidative meta- 
bolism (energy production) of the failing heart in vivo is not abnormal. The results indicate that 
this drug is responsible for causing more effective conversion of oxidative energy into work. 


HE EFFECT of various digitalis prepa- 

‘ations on the circulation of patients 

with and without cardiac failure has been 
studied by a large series of investigators.'~° 
(Quantitative measurements of the effect of 
digitalis on cardiac oxygen consumption and 
efficiency of the human heart in vivo have not 
been published to date because of difficulties in 
the methods involved. Catheterization of the 
coronary sinus in man in conjunction with the 
nitrous oxide method has now made it possible 
to determine cardiac oxygen consumption and 
coronary blood flow in man,!° and to study 
quantitatively the effect of digitalis on the 
energy metabolism of the normal and failing 
human heart in vivo. This report deals with the 
effect. of strophanthus preparations on the coro- 
nary blood flow and cardiac oxygen consump- 
tion of patients with and without cardiac failure. 


METHODS 


The coronary sinus was catheterized according 
»a method previously described." Coronary blood 
w was determined by means of the nitrous oxide 
ethod.!° Cardiac output was measured with the 
rect Fick principle, the mixed venous samples 
‘ing obtained from the right ventricle or the pul- 
onary artery by means of an intracardiac cathe- 
r2 Peripheral arterial pressures were optically 
corded with strain gages or obtained with the 
/hygmomanometer. 
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Coronary blood flows and cardiac oxygen con- 
sumption were obtained for 100 Gm. of cardiac tis- 
sue.!° These values may be considered accurate. 
Because of difficulties in defining accurately that 
portion of cardiac muscle which has its venous 
drainage into the coronary sinus'* and because of 
inaccuracies in calculating the heart weight from 
height and weight of the patient,'' figures for me- 
chanical efficiency and energy cost of the heart must 
be considered only approximations. However, since 
major variations in the distribution of coronary 
venous drainage are unlikely during the short pe- 
riod of the test, changes in cardiac efficiency and 
energy cost produced by the drug are quantitative 
and therefore significant. In the calculations of 
cardiac efficiency it was assumed that the tributaries 
of the coronary sinus drain primarily the left ven- 
tricular muscle.'® Consequently, the work-energy 
cost relationship was calculated for the left ventricle 
only. Recent observations of Gregg indicated that 
better correlations between results derived from the 
nitrous oxide method and direct determinations of 
flow can be obtained if the combined weights of the 
left auricle and yentricle are used.1* However, in 
evaluating the effect of strophanthus preparations, 
only the relative changes from the control values , 
are of importance. 

In general, the procedure outlined in a previous 
report was followed.'° After the first measurement 
of cardiac output, coronary flow and cardiac oxygen 
consumption, strophanthus K (0.65 mg. Burroughs 
Wellcome Co.) or strophosid (0.5 mg. Sandoz Chem- 
ical Works) were slowly injected intra-arterially 
through a manifold. After a 10 minute interval, 
the nitrous oxide mixture was again administered 
over a period of 12 minutes. Following this, coro- 
nary blood flow, cardiac oxygen consumption and 
‘ardiac outputs were again determined. 

Cardiac work was expressed in kilogram meters 
per minute. It was calculated from the formula’: 
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TaBLE 1.—Effect of Digitalis on Coronary Blood Flow in Normal Subjects 


Sys- 
Orsuen | feMiE CO. € 
we AO. 


cons. diff. 


Subj. Age O. 


Vols. 
% 


W. J. 
Before 
After 
net. 
Before 
After 
J. Z. 
Before 
After 
J.B. 
Before 
After 
A aC. 
Before 


2.05 
.90 


268 
269 4 


230 
237 


2.37 
4.79 


224 
244 


189 
269 
204 6.40 
(dye) 
After 3.58 
B. B. 

Before 
After 

Before 
After 


i60 


236 
216 
340 
207 


5.18 
3.50 
9.56 


2.9 


TABLE 2.—Effect of Digitalis on Coronary Blood Flow 


Total 

Oxy- 
gen 

conc. 


Sys- 
temic 
A-VO: 

diff. 


Age 


Vols. 
< 


E.R. 
Before 
After 
a. ea. 
Before 
After 
3: B. 
Before 
After 
A.MeM. 
Before 
After 
F. R. 
Before 
After 


15 
5.24 
5.08 


236 


Work (Kg. meters/min.) cardiac output 
X mean aortic pressure (mm. Hg) X 


(cc./min.) 


13.6 


To express the oxygen consumption of the left 
ventricle in the same units as left ventricular work 
the oxygen consumption was multiplied by the 
work equivalent of oxygen at a respiratory quotient 
of 0.82 (ec. oxygen = 2.059 Kg. meters).!° 


Aortic 


mean 


pressure 


mm. IIg. 


122 
120 


111 
111 


118 
124 


97 


Aortic 

mean 
pres- 
sure 


mm. Hg kg. M. 


71 
84 
84 


Energy | 
cost of 


iv. 


Coronary 
A-V O2 
diff. 


L. V. O2 


* 7 * ow 
Cor. Flow eae 


work 


cc./100 
gm./min. 


cc. /100 


Vols. % 
(7m, (min, 


Kg. M. | 


85 
76.4 


12.: 
13.¢ 


10.4 
10.2 


48. 
47. 
63.2 
68.2 


10. 6.9 


7.25 
6 9. 9.60 
7 ; 13.2 


9.¢ 
8.7 


12.85 
13.08 | 
12.8 
13.5 


aac 
12.6 
i. 
hi. 


184 | 
184 

| 206 

| 206 


in Patients with Cardiac Failure 


En- 
ergy 
cost of | 
L. V. 


Coronary 
A-V O2 
Diff. 


L.V 


pas L. V. O2 
work 


conc. 


Cor. 
Flow 


Vv. 
Weight 


L. 


cc./100 Vols. ¢ 
Gm./min. 


cc./100 
Gm. /min. 


2 
3 


kK g. M. 


c 


3.47 
4.24 
4.85 


50. 
53.6 
51. 


167 
167 
148 


18. 
19.é 
23 .- 


| 21.8 
| 17.0 


6.20 
5.20 


61.6 
lil. 


148 
196 


22.0 
8.0 


196 | 15.2 


| 12.9 
| 19.3 


138 


15. 11.9 | 138 
| 15.6 
| 16.8 


11. 
12. 


13.¢ 
14. 


145 


145 41. 


The following equation was used for the caleula- 
tion of left ventricular efficiency’: 


Mechanical efficiency of left ventricle (percentage) 


work of total left ventricle (Kg. meters/min. 





oxygen consumption of total left ventricle 
(Kg. meters/min 





BING ET AL. als 


Coronary vascular resistance was calculated ac- 
cording to the equation: 


Coronary vascular resistance 


mean aortic pressure (mm.Hg) 


coronary blood flow cc./100 Gm./min. 

Consequently, the units for this resistance are 
e.pressed in mm.Hg/ce./100 Gm./min. The re- 
sstanee calculated in this manner refers to that 
portion of the coronary vascular bed only which 
drains into the coronary sinus. 

RESULTS 

The results obtained in normal individuals 
are illustrated in table 1. It may be seen tha} 
the cardiac output fell in every instance. This 
is in agreement with the findings of Cohn and 
Stewart? and Me Michael and Sharpey-Schafer.4 
‘The arterial pressure remained constant. As a 
result of the fall in cardiac output, the left 
ventricular work decreased. 

The coronary blood flow per 100 grams and 
the coronary arteriovenous oxygen difference 
also showed no significant change following the 
injection of the glycoside. Therefore, the 
cardiac oxygen consumption remained con- 
stant. Because of the fall in the work of the 
heart, the left ventricular efficiency decreased. 

In failure due to arteriosclerotic heart disease 
or to mitral stenosis and insufficiency the initial 
cardiac output was low (table 2). The coronary 
arteriovenous oxygen difference and the left 
ventricular coronary blood flow were within 
normal limits. These results are in agreement 
with those previously published from this labo- 
ratory.'° Table 2 illustrates that following the 
injection of strophanthus preparations, the car- 
diac output rose. Similar findings were obtained 
by Ahmed and associates,'® Stead® and Bloom- 
field and co-workers.°® The coronary blocd flow 
and the coronary arteriovenous oxygen dif- 
ference remained at the previous level. There- 
fore, the left ventricular efficiency rose follow- 
ing the injection of strophanthus preparations. 


DISCUSSION 
The results published in a previous report 
sow that the output of the heart in failure is 
educed, while the oxygen consumption is 
‘ormal. Similar results were obtained in this 
‘ries in patients with failure. This indicates 
hat while there is no defect in the utilization 
of the oxidative energy of the failing human 


heart in vivo, the heart is defective in convert- 
ing oxidative energy into effective work. This 
is In agreement with the finding of Goodale and 
associates” that the aerobic oxidation pattern 
of the failing heart in vivo is normal. In line 
with this is the observation that strophanthus 
has no effect on the oxygen consumption of 
the failing heart but aids in a more effective 
conversion of oxidative energy into effective 
work. Thus, strophanthus increases the effi- 
ciency of the failing heart only by increasing 
the output. These findings contrast with those 


TAaRLE 3.—Effect of Strophanthus on Coronary 
Resistance 


Mean Aortic 


Coronary 
Pressure 


; Coronary 
Flow/100 Gm. 


Resistance 


Before After Before After Before | After 


mm.Hg./cc./100 
Gm./min. 


Normals 
W. J. ‘ ; 43 
A. BR. 13. 58 . .76 
bse 98 .6 : .20 
oe 6 , .26 
Pies. 
B. B. 
F.W. 


Failure 
E. R. a! 84 50.2 53.6 
iB 92; 95) 111. 127. 
J. Hi: 84 84 Si.5 61.6 
A. MeM. 100 100 tix 79. 
F.R. 101 | 103 | 117 115 86 


obtained by Starling and _ Visscher,” by 
Gremels'* and by Moe and Visscher.’® In all 
patients in cardiac failure in this series there 
was radiologic evidence of cardiac enlargement. 
The finding of cardiac enlargement existing in 
conjunction with normal cardiac oxygen con- 
sumption raises further doubt concerning the 
validity of Starling and Visscher’s postulate 
that the total energy set free by the heart beat 
is solely a function of the diastolic volume.” 

In the normal, strophanthus causes a de- 
crease in the work of the heart, by reducing 
its output. The finding is in agreement with 
that of Stead® and MeMichael.! As the energy 
cost remains unchanged, the efficiency de- 
creases. 

The effect of strophanthus on the resist- 
ance of the coronary vascular bed is illustrated 
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in table 3. It may be seen that changes in 
coronary vascular resistance following stro- 
phanthus are small. This indicates that the 
drug has no direct action on coronary blood 
vessels. 

SUMMARY 


The effect of strophanthus preparations on 
coronary blood flow, cardiac oxygen consump- 
tion and efficiency has been measured in a 
series of patients with and without cardiac de- 
compensation. 

Strophanthus lowers the efficiency of the 
normal heart by reducing the cardiac output. 
The oxygen consumption of the heart is not 
affected. The oxygen consumption of the failing 
heart per 100 grams of muscle is normal. Stro- 
phanthus increases the efficiency of these 
hearts by elevating the cardiac output. Again 
the cardiac oxygen consumption remains un- 
changed. 

Strophanthus has no significant effect on 
coronary vascular resistance, indicating that 
the drug has no direct action on coronary 
vessels. 


The findings illustrate that there is probably 
no defect in the utilization of oxidative energy 
of the failing human heart in vivo, but the 
failing heart is defective in converting oxidative 
energy into effective work. Strophanthus aids 
in this conversion. 
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Age, Serum Cholesterol and Coronary 
Artery Disease 


By Menarp M. Gertier, M.D., StanteY Marton Garn, M.D. ann E. F. Buanp, M.D. 


The question of an age-associated rise in serum cholesterol has been undecided. This communica- 
tion presents evidence in favor of a rise in serum cholesterol with increasing age between the third 
and the fifth decades. In a control group of 146 individuals and a coronary disease group of 97 in- 
dividuals, there was a positive correlation between age and serum cholesterol. In the coronary dis- 
ease group, there was a rise in serum cholesterol superimposed upon an initially higher level of 
serum cholesterol. The concept of ‘cholesterol age” is presented on the basis that a patient with 
coronary heart disease at 25 has a serum cholesterol similar to a “normal” male at the age of 45. 
The role of serum phospholipids is considered in the age-associated rise in serum cholesterol. 


EVERAL STUDIES have concluded that 

there is probably a rise in the serum 

cholesterol level after puberty in the 
male!» ? while other reports have claimed no 
such relationship.*: 4 Before puberty, however, 
the serum cholesterol level seems to be lower 
than in adult life,> and the evidence appears to 
support Sperry® who asserts that the cholesterol 
level is lowest during the neonatal period in 
(full term) infants and approximates adult levels 
in late prepuberty or early puberty.®: 7 Page 
and his co-workers have concluded that no 
comparable rise exists postpubertally,® ° al- 
though our calculation from their data did not 
entirely confirm this conclusion. 

Sampling errors may account for some of 
the discrepancies, negative results and differ- 
ences in opinion; several studies‘: * were con- 
ducted on groups too small to yield statistically 
significant results.!° Also, individuals hospital- 
ized for disorders presumed not to be related 
to cholesterol metabolism were included with 
the so-called “normals’* though no evidence 
has yet been offered that systematic errors do 
not appear in such procedures. Furthermore, 
the influences of race, diet, occupation and 
socio-economic status, though discussed in 
theory,!—* have in general not been considered 
i. previous studies. 

There is, at present, no unanimity on the 


From the Coronary Research Project, Cardiac 
Jepartment, Massachusetts General Hospital and 
ilarvard Medical School. Drs. P. D. White, H. B. 
‘prague, KE. F. Bland, J. Lerman, 8. A. Levine, and 
1. A. Hooton, Directors. Supported by a grant from 
he Commonwealth Fund, New York City. 


possible relationship between serum cholesterol 
and age. It is not definitely known whether 
the cholesterol level is constant with advancing 
years or whether there are continuous changes 
with age and, if the latter is true, when the 
greatest changes occur. The increase in severity 
and frequency of arteriosclerosis with age and 
the possible relationships of arteriosclerosis and 
cholesterol make such a study of age changes of 
serum cholesterol worthwhile. Accordingly, this 
study was undertaken to determine the in- 
fluence of age on serum cholesterol in both the 
normal individual and the patient with coro- 
nary artery disease. 


METHOD AND MATERIALS 


The blood for cholesterol determination was 
obtained in the manner described in a previous paper 
in this series. The Bloor technic was employed for 
these determinations. Two groups are considered 
in this study: a coronary disease group and a healthy 
control group. The healthy control group consisted 
of 146 men who were working in a large industrial 
plant in Cambridge, Massachusetts. They were con- 
sidered healthy by ordinary clinical standards and in 
addition showed no pathologic abnormalities in the 
electrocardiograms. Furthermore, they were rejected 
if they showed frequent absenteeism from work. In 
contrast, 97 males who had experienced myocardial 
infarction prior to the age of 40 comprised the coro- 
nary series. Two blood samples from the coronary 
disease group are not included because the patients 
were over 50 years of age at the time of examination. 
Both groups were comparable in age, occupation and 
race (predominantly northwest European). Each 
member of the coronary disease group was referred 
for study by private physicians, clinics, or the Veter- 
ans’ Administration. Eighty-two per cent of the 
coronary disease group came from New England and 
the Atlantic states, and were similar to the control 
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group in diet and general mode of life. The detailed 
analysis of the national and racial origins of the two 
groups is considered elsewhere.'® Suffice it to say 
that the two groups were comparable with two ex- 
ceptions; the normal group had 23 per cent Irish as 
compared to 1 per cent in the coronary group, and 
the latter group had 26 per cent Jews as compared 
to 1 per cent in the control group. The occupations 
likewise are examined elsewhere in detail,!® and may 
be considered entirely comparable on the profes- 
sional, semi-professional and craftsman levels with a 
negligible difference in the manual labor category. 


RESULTS 

In the first paper of this series’ it was 
reported that the average serum cholesterol in 
the coronary disease group was 286.5 mg. per 
cent with a standard error of 7.14, and the 
comparable mean value of the normal group 
was 225.3 mg. per cent with a standard error 
of 3.59, the critical ratio of the difference being 


TaBLE 1.—Serum Cholesterol Values of Normal 
Individuals by Decades 


Mean + 


Number Range . 5 
Numbe ang Standard Error 


Decades 
20-29 20 
30-39 74 
40-49 46 
50-59 6 


149-297 | 195 + 9.2 
148-332 224 4+ 4.8 
175-331 | 236 + 6.0 
214-284 | 254 + 13.5 


Total. . 146 148-332 | 225 + 3.6 


7.91. This means that the difference in serum 
cholesterol is statistically highly significant.* 

No attempt was made in the first paper to 
associate or correlate a possible serum choles- 
terol change with increasing age in either group. 
When such a calculation in the normal group 
was made, the level of serum cholesterol was 
shown to rise with age as is evident from table 1. 
Thus, there is a constant progression from 
decade to decade, though the rise is not always 
statistically significant. The greatest rise is 
from the third to the fourth decade (ages 20- 
29 to 30-39). In order to express the strength 
of this association between age and cholesterol 
over the entire age range, a suitable measure is 
necessary. 


* A significant difference in statistical usage is one 
that would not be expected on a chance basis and is 
not to be confused with the popular meaning, i.e., 
“Important.” (Small sample formula, Snedecor, 1946, 
pp. 81-82.) 


The best single measure of concomitant vari- 
ation between two variables in the coefficient 
of correlation, usually designated as r. Values 
of r vary from 0 (complete independence) to 
+1.0 (perfect positive correlation) and —1.0 
(perfect negative correlation). The coefficient 
of correlation for the whole healthy contro! 
series is +0.30 with a standard error of +0.08 
While not high in terms of predictability, this 
ris highly significant statistically (p = < 0.01 
and indicates a positive association betweer 
age and serum cholesterol. 

Computations on the coronary disease grouy 
likewise show a steady rise with age as show: 
in table 2. 


The serum cholesterol in the coronary diseas« 
group is higher at any corresponding decad 


TABLE 2.—Serum Cholesterol Values of Male Coronar 
Disease Patients by Decades 


Mean + 


Decades . : 
, Standard Error 


Number Range 


20-29 a 
30-39 53 
40-49 35 


194-400 | 245 + 27 


167-490 286 + 
208-490 | 301 + 11 


167-490 | 288.0 + 6.7 


Totals 95 


* Small sample formula employed. 


level than it is in the healthy control group. 
In addition to this initially high serum choles- 
terol is the normal “physiologic” rise of serum 
cholesterol with age, particularly between the 
third and fifth decades. The rise is apparent be- 
tween the third and fourth decades, but does 
not quite reach significance (p = .06, and for 
significance p = .05). The correlation coefficient 
between cholesterol and age in the coronary 
group is +.16 + .10, not significantly different 
from zero (p = .10). This correlation is prob- 
ably not significant since it does not exceed 
twice its probable error. However, it canno' 
be said that the association between age and 
cholesterol in the coronary group ( +.16) i 
significantly less than in the normal group, fo: 
the difference between the two (.14) is not : 
significant one. Therefore, the apparently lowe: 
r in this case may have arisen as a sampling 
variation. 

When the differences between the two groups 
are subjected to tests of significance, decade 
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y decade as in table 3, both means and stan- 
lard deviations (a measure of variability or 
lispersion around the mean) are markedly 
\igher in coronary patients than among normal 
ubjects. 

Since there is a rise in cholesterol with age in 
oth groups (see fig. 1) and since there is a 
ignificant correlation in one and a possibly 
ignificant correlation in the other, it seems 


"sBLE 3.—Comparison of Serum Cholesterol Means 
and Standard Deviations at Various Decades 
between Normal Group (N) and Coronary 
Disease Group (C) 


Standard 


Mean Cholesterol Devistian 


Number 
Decade a ae 
c|w|c | w (geet) c | » [fit 
20-29 20 | 245 ¢ 71 | 41 
30-39 | & 74 | 285 62 | 42 
40-49 3 46 301 36 66 41 


Totals...| 95 |140f) 288 | 225 f¢ | 65 | 43 


* Significant. 
+ Highly significant 
t Six individuals between 50-59 are not considered 


this paper. 
AGE CHANGES IN 
SERUM CHOLESTEROL 


(@————@ CORONARY DISEASE GROUP 
Om CONTROL GROUP 
STANDARD DEVIATION 
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SERUM CHOLESTER’ 


AGE IN YEARS 


Fic. 1. Changes in serum cholesterol with age in 
the coronary disease group and the control group. 


ikely that age and cholesterol are co-variant. 
Page and his associates, on the other hand, did 
10t find such a relationship. Their data were 
lifferently handled; no product-moment r was 
‘alculated, and very few individuals were in- 
‘luded in each decade group. Therefore, it was 
lecided to recalculate their data in order to 
ietermine whether when similarly handled the 
ipparent discrepancy would be eliminated. The 
results are summarized in table 4. 


As shown, there is no evidence of a dramatic 
rise in cholesterol with age, but there is a 
suggestion that lower ages were associated with 
lower cholesterol values and vice versa. There- 
fore, a coefficient of correlation was calculated 
in order to see whether serum cholesterol and 
age were co-variant in the study by Page and 
associates. Employing their data for individuals 
between 21 and 79 (eliminating the 12 eldest 
individuals in order to straighten the regression 
curve), a correlation of +.26 + .13 was ob- 


TABLE 4.—Serum Cholesterol in Healthy Adult Males 
at Various Ages 


Mean + 
Age N Standard 

Error 
20-39 9 225 + 23 
40-49 | 237 + 12 
50-59 13 | 236* + 18 
60-69 10 | 236 + 18 
70-79 | 268 + 15 
80-91 12 214 + 13 


Total. .... 64 


Based on data of Page and co-workers’ 
* Tf one reading of 428 is retained, N = 14; M = 
250 + 22, 8.D. = 82. 


tained. This is statistically significant on the 
1 in 20 (i.e., .05) level, and the association is 
said to be moderately significant. 

Since correlation is not synonymous with 
causation, a causal relationship cannot be pos- 
tulated between serum cholesterol and age in 
the present study and in the data of Page and 
co-workers. There are many explanations for 
an association between two variables, such as: 
(a) an actual causal relationship between the 
two when all other influential factors are ruled 
out; (b) a primary correlation of each trait 
not with the other, but with another or several 
other intercorrelated traits. 

In view of the seeming importance of these 
relationships, the properties of serum phos- 
pholipids and their ratios and age changes 
were investigated more intensively. Since sim- 
ple correlations alone did not correct all inter- 
fering variables, the technic of partial correla- 
tions was employed. Thus, if both A and B 
affect C, it is possible to see the effect of B on 
C corrected for the presence of A. 
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It is apparent from table 5 that the phos- 
pholipids are highly correlated with cholesterol 
and show even higher correlations with age 
than does cholesterol in both the healthy and 
the coronary disease groups. Since all three 
variables are intercorrelated, it was decided 
to employ the technic of partial correlation 
which would theoretically determine the pri- 
mary correlations of any pair of variables with 


TABLE 5.—Coefficients of Correlation (r): with Serum 
Cholesterol (1), Serum Phospholipids (2),* and 
Age (8) in Adult Men in Health and in 
Coronary Artery Disease 
| Coronary Artery Disease 


Normals 


i; N | R N R 


+.51 + .09 
+.16 + .10 
+.20 + .12 


ret 146 
T13 146 
le 146 


| +.66 + .05 61t 
+.30 + .08 | 95 
+.42 + .07/| 61 


* Phospholipids are expressed as lecithin which is 
considered to be 25 times the blood lipid phosphorus 
level. 

tric means that coefficient of correlation is be- 
tween serum cholesterol and serum phospholipids. 

t Only 61 phospholipids out of 62 were taken 
simultaneously with serum cholesterol. 


TaBLe 6.—Partial Correlations among Cholesterol (1), 
Phospholipids (2), and Age (3), in the Serum of 
Adult Men in Health with 
Artery Disease 


and Coronary 


Healthy Controls Coronary Disease Group 


N Partial Correlation N 


Partial Correlation 
+.50 + 
+.07 + 
+.14 + 


os* | 146 
2 | 146 
a | 146 


+.62 + .05, 61 
+.05 + .08 95 
+.32 + .07 | 61 


-10 
. 10 
13 


* rio.3 means that the partial correlation is between 
cholesterol and phospholipids with age kept constant 
(See Lindquist, p. 249).'8 


the third held constant. The significance of 
this correlation will be discussed later. These 
correlations are tabulated in table 6. 

It is apparent from table 6 that (a) in both 
health and coronary artery disease the cho- 
lesterol-phospholipia correlation is high, inde- 
pendently of age; (b) the correlation of cho- 
lesterol and age disappears when the influence 
of phospholipids is removed; (c) the phospho- 
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lipids tend to remain correlated with age in 
the healthy group, but may not keep pace with 
age in coronary artery disease. 

The difference between the two partial co 
efficients of correlation (+.32 + .07 in healtl 
and 0.14 + .13 in coronary artery disease) doe: 
not reach significance (p = 0.20), probably 
because of the small size of the coronary sample 
but there is other evidence that the phos 
pholipids play an altered role in coronary artery 
disease. 


DIscuSsSION 


In the two groups considered here, one : 
group of healthy men and the other a group 0 
men who had experienced myocardial infare 
tion prior to the age of 40, a significant positiv: 
correlation is found between age and _ tota 
serum cholesterol. This rise is not only reflected 
in the product-moment correlation 7 but also 
in comparing the mean values of the various 
decade groups and, in data collected by this 
project, by noting the statistical significance of 
the difference between decade groups. 

The general rise between the third and fifth 
decade appears to be most marked in these 
data between the third and fourth decade. 
While the corrected yearly increase would be 
small (approximately 2.0 mg. per cent of total 
cholesterol per year), the decade increase would 
not be important; but a rise over two or three 
decades would be important in terms of a 
normal distribution of serum cholesterol values 
in man. At the age of 50 only 19.23 per cent 
of males have the cholesterol values typical! 
of youth; conversely, 14.3 per cent of young 
individuals have serum cholesterol levels typi- 
‘al of the older male. 

Since it was anticipated that individuals 
showing coronary artery disease might, as 
group, show elevated serum cholesterol levels, 
it was thought possible that the normal or 
physiologic age changes might be masked in 
this group. Despite their hypercholesterolemia 
however, the coronary disease group still shov 
the physiologic age-rise in cholesterol. The two 
factors may thus be additive rather than po- 
tentiative in so far as coronary artery diseas« 
is concerned. 

Based on the findings of Boas" and thesé 
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data, the level of serum cholesterol may be 
nade up of three independent variables: (a) 
diosyncratic, probably genetically determined 
iypercholesterolemia; (b) individual’s basic 
yhysique-corrected cholesterol; (¢) normal age 
nfluenced rise in cholesterol. 

Under these circumstances the aboslute cho- 
esterol level of an individual can be considered 
is meaning little to the clinician unless these 
ther factors are known. By extending this 
easoning the clinician might employ the con- 
vept of “cholesterol age”; since low cholesterol 
evels are more typical of youth and higher 
cholesterol levels are more typical of old age, 
me may simply consider an individual with a 
ow serum cholesterol level as one with a 
‘voung cholesterol age.’”’ An individual who has 
an elevated cholesterol may be considered to 
have an “older cholesterol age.”” However, to 
derive the most benefit from such a concept, the 
magnitude of the difference between the chron- 
ologie age and the cholesterol age should be 
considered. This will become more apparent 
when one recalls that a patient 25 years of 
age with coronary artery disease has a serum 
cholesterol level the same as, or higher than 
« healthy individual 45 years of age; the values 
for both individuals average 245 mg. per cent 
and 236 mg. per cent, respectively. 

There is some evidence that beyond the sixth 
decade of life no further elevation of cholesterol 
occurs, and that there may even be a drop 
in cholesterol level after this time (see table 
t). While this has been interpreted by some as 
evidence of “debility” in age, it is more likely 
that it is a statistical phenomenon due to the 
(lifferential mortality of low-cholesterol and 
ligh-cholesterol individuals. Thus, if elevated 
cholesterol is associated with decreased longev- 
ity, then the longer-lived individuals in an older 
¢roup would simply be the low-cholesterol sur- 

iving population. It is possible, therefore, that 
such data, though scanty, may point to basic 
actors in human survival.!9.?° 

The tabular material provided in the pre- 
<eding section illustrates the need for larger 

samples in each decade or age group than have 
‘een customarily used in previous studies. 
‘Thus, the small size of decade samples in the 
:tudy by Page and associates masked a slight 


but real correlation between age and choles- 
terol. 

In this study, only a cross section of a popu- 
lation between the third and sixth decades was 
studied. Obviously, the best method of study 
to learn the age influence of cholesterol would 
be the longitudinal study to follow individuals 
from infancy to old age. 

In this discussion, the relationship between 
cholesterol and age is considered with some 
suggestions that the cholesterol does not in- 
crease infinitely, but that a more stable period 
appears at some time during middle age. If 
this is so, why should atherosclerotic disorders 
increase after this period? The answer appears 
to lie (on the basis of partial correlation and 
previous data) not in the absolute cholesterol 
levels but in the relationship between choles- 
terol and the other serum lipids. As we have 
reported in the first paper in this series, there 
is an important difference in various lipid levels 
in coronary artery disease and in health. Thus, 
individuals who have hypercholesterolemia, but 
who are healthy and well, differ in cholesterol: 
phospholipids ratios from individuals of com- 
parable cholesterol level who have experienced 
coronary artery disease. Moreover, individuals 
who have experienced coronary artery disease 
but who have low cholesterol levels still differ 
from normal individuals with identical cho- 
lesterol levels: this difference expresses itself 
in various lipid ratios, especially in the choles- 
terol: phospholipids ratio. 

It is apparent from table 6 that (1) in both 
health and coronary artery disease the choles- 
terol-phospholifpids correlation is high, inde- 
pendently of age; (2) the correlation of choles- 
terol and age disappears when the influence of 
phospholipids is removed; and (3) the phos- 
pholipids in the healthy individuals tend to 
remain correlated with age, but may not keep 
pace with age in coronary artery disease. The 
difference between the two partial r’s, +.32 
in health and +.14 in disease, fails to reach 
statistical significance (p = .20) because of the 
small size of the coronary sample. One inter- 
pretation of these findings, at this juncture, 
is to stress again the importance of serum 
phospholipids in the normal aging process and, 
particularly, in coronary artery disease. 
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SUMMARY AND CONCLUSIONS 


1. The serum cholesterols were determined 
in 146 healthy, working males and 95 males 
who had experienced myocardial infarction 
prior to the age of 40. The control group and 
the coronary disease group approximated each 
other in age, ethnic and racial origin, and occu- 
pation. 

2. A steady and significant rise in the level 
of serum cholesterol occurs with increasing 
years between the third and sixth decades 
in the healthy control (normal) group (r = 
+.30 + .08). 

3. A steady, but less marked rise in the level 
of serum cholesterol occurs with increasing 
years in the coronary disease group between the 
third and sixth decades. In this group, the 
normal physiologic rise is superimposed upon 
the initial pathologic rise (r = +.16 +. 10). 

4. At every age level between the third and 
sixth decase the coronary disease group has 
markedly higher and more variable serum cho- 
lesterol levels than the healthy group. 

5. Serum phospholipids are highly correlated 
with serum cholesterol in both health (r = 
+.66 + .05) and disease (r = +.51 + .09). 

6. Serum phospholipid levels rise at least as 
much as serum cholesterol levels with age in 
health (r = +.42 + .07) and probably to a 
lesser extent in disease (r = +.20 + .12). 

Partial correlations show that serum cho- 
lesterol and serum phospholipids remain highly 
correlated independent of age; the association 
between age and cholesterol disappears when 
the effect of phospholipids is removed; and, 
with the effect of cholesterol removed, phos- 
pholipids keep pace with age in health but ap- 
parently fail to do so in coronary artery disease. 

7. It is hypothesized that the levels of serum 
cholesterol and serum phospholipids are less 
important in coronary artery disease than is 
the ratio of cholesterol and phospholipids. 
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The Effect of Desiccated Thyroid on Plasma 
and Tissue Lipids and Atherogenesis in the 
Stilbestrol-Treated Chick 


By J. Sramuer, M.D., A. J. Mituer, M.D., L. Akman, M.D., E. N. Sunper, M.D., 
C. Bo.eng, B.A., ano L. N. Katz, M.D. 


Repeated implantations of diethylstilbestrol pellets cause a sustained hyperlipemia in the chick, 
and atherosclerosis eventually supervenes. Desiccated thyroid significantly reduces the incidence 
and degree of the stilbestrol-induced atherosclerosis in the chick, although it is without sustained 


effect upon the plasma and tissue lipids. 


HE EXHIBITION of estrogenic sub- 

stances elicits an increase in the con- 

centration of plasma lipids in the 
chick.'-* If the hyperlipemia is maintained for 
several months by repeatedly implanting pellets 
of diethylstilbestrol, atherosclerosis is in- 
duced.4: > We have previously shown that des- 
iecated thyroid lowers hyperlipemia and hy- 
percholesterolemia in cholesterol-fed chicks. 
Concomitantly, this hormone reduces the in- 
cidence, extent and severity of cholesterol-in- 
duced atherosclerosis.6:7 These findings led 
us to study the effect of desiccated thyroid 
in stilbestrol-implanted chicks, in order to de- 
termine if hormone interrelations known to 
affect endogenous lipid metabolism manifest 
themselves in an altered incidence and degree 
of atherosclerotic lesions. 


MEeETHODS 

One day old Hy-Line cockerels were obtained 
from a certified hatchery and raised in a battery 
brooder. They were fed a commercial chick starter 
mash (plain mash) of known composition. At 8 
weeks of age, 30 birds were divided into 3 groups of 
10 chicks each: Group 1 birds subsisted on plain 
mash and received subcutaneous implantations of 
diethylstilbestrol pellets (25 mg.)* at 3 week in- 


From the Cardiovascular Department, Medical 
Research Institute, Michael Reese Hospital, Chicago, 
(Hinois. 

Aided by the Life Insurance Medical Research 
Fund and by grants from the National Heart Insti- 
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*The diethylstilbestrol pellets were generously 
supplied by Dr. K. G. Kohlstaedt of Eli Lilly & 
Company, Indianapolis, Indiana. 


tervals. Group 2 chicks were implanted with stil- 
bestrol and fed thyroid mash (99.5% plain mash 
+ 0.5% desiccated thyroid.t) The control group 
(Group 3) received only plain mash.t 

All birds were weighed weekly and a record of 
feed intake was maintained. They were bled periodi- 
cally from the alar vein. Pooled aliquots of plasma 
were analyzed for the various lipid fractions by the 
methods of Schoenheimer and Sperry? and Man 
et al.!°. " Plasmas from 3 or 4 birds of a group were 
pooled, and 2 sets of pooled plasmas were analyzed 
each time. Autopsies were done on all birds which 
succumbed during the course of the experiment. 
After twenty-five to twenty-seven weeks on the 
diet, surviving chicks were sacrificed by decapitation 
and exsanguination. All the viscera were examined 
and the gross findings recorded. The hearts and 
great vessels (aorta, brachiocephalic and iliac ar- 
teries) were carefully inspected for evidence of gross 
atheromatous plaques. Lesions, if any, were de- 
scribed and recorded graphically on special forms; 
the aortas were graded 0 to 4 for atheroma, according 
to criteria previously described. During grading, 
specimens from different groups were indis- 
criminately mixed and examined consecutively as 
unknowns. Blocks of tissue were taken for micro- 
scopic examination and fixed in 10% aqueous’ 
formalin. Frozen sections were stained with hema- 
toxylin-eosin. At the end of the experiment, pooled 
aliquots of liver and aorta were analyzed for lipids 
(total and free cholesterol, lipid phosphorus, total 
fatty acid) according to procedures previously de- 
scribed." Livers and aortas of 2 or 3 chicks of a 


t We are indebted to Drs. J. R. Mote and L. P. 
Anderson of the Armour Laboratories, Chicago, 
Illinois, for donating the desiccated thyroid for this 
study. 

t Concomitantly we studied the effects of thyroid 
on lipid metabolism and atherogenesis in chicks fed 
plain mash. The findings, which are being prepared 
for publication, are not significant with respect to 
control data for the present study. 
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group were pooled, and 2 analyses per group were 
conducted. 
RESULTS 

Growth and development. No significant dif- 
ferences in feed intake were noted among the 
three groups. The stilbestrol-plain mash chicks 
(Group 1) became heavier than any of the 
other groups, apparently because of hormone- 
induced deposition of fat.5: - The stilbestrol- 
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Fic. 1. Effect of thyroid on plasma cholesterol 
levels (graph) and atherosclerosis (table, lower right) 
in stilbestrol-implanted chicks. The arrows (T ) 
indicate subcutaneous implantations of 25 mg. pellets 
of diethylstilbestrol. Throughout the experiment, 
control (Group 3) chicks, fed plain mash and given no 
hormone, maintained a steady plasma cholesterol 
level of approximately 100 mg.% (see value at 0 
weeks): Discussed in text. (Solid line = stilbestrol; 
broken line = stilbestrol-thyroid.) 


thyroid mash birds (Group 2) exhibited the 
slowest rate of weight gain. 

Plasma lipids. The mean data on plasma 
lipids are presented in figures 1 and 2 and 
table 1. In accord with previous reports,*: > 
stilbestrol implantation induced a hyperlipemia 
involving all plasma lipid elements. Lipid phos- 
phorus exhibited the greatest increment; the 
increase in plasma cholesterol was less marked. 
Consequently the ratio total cholesterol /lipid 
phosphorus decreased (fig. 2). Stilbestrol im- 
plantation also consistently induced an_ in- 
crease in the plasma ratio free cholesterol / total 
cholesterol (table 1). 


The exhibition of desiccated thyroid to stil- 
bestrol-implanted chicks led to a decrease in 
hypercholesterolemia and hyperphospholipemi: 
during the first weeks of the experiment (figs. ! 
and 2, table 1). Thus, at one week, the stil- 
bestrol-plain mash birds had a mean plasm: 
total cholesterol and lipid phosphorus of 22 
and 31.3 mg. per cent respectively (ranges: 
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Fig. 2. Effect of thyroid on plasma phospholipids 
(upper graph) and ratio cholesterol/lipid phosphorus 
(lower graph) in stilbestrol-implanted chicks. Phos 
pholipid levels are expressed in terms of lipid phos 
phorus. The arrows (7) indicate subcutaneous 
implantations of 25 mg. pellets of diethylstilbestrol 
Throughout the experiment the control (Group 3) 
chicks, fed plain mash and given no hormone, main 
tained a steady level of plasma lipid phosphorus 
(approximately 7.0 mg.%) and of cholesterol/lipid 
phosphorus (approximately 11.5) (see values at 0) 
weeks). Discussed in text. (Solid line = stilbestrol; 
broken line = stilbestrol-thyroid.) 


215-237 and = 29.2-33.3. mg. per cent). 
The stilbestrol-thyroid mash birds (Group 2, 
table 1) had significantly lower mean values 
i.e. 101 and 13.3 mg. per cent respectively 
(ranges: 93-109 and 12.2-14.3 mg. per cen 
respectively). These plasma cholesterol level 
are well within the normal range. The lipic 
phosphorus values are elevated. Hence the rati: 
total cholesterol/lipid P was decreased. Th 
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cesiccated thyroid diet also tended to keep the 
jlasma ratio free cholesterol/total cholesterol 
»t normal levels (table 1). At five weeks, the 
jlasma lipid pattern was similar to that ob- 
sorved at 1 week, except that thyroid exhibition 
10 longer completely prevented moderate hy- 
percholesterolemia and elevation of the ratio 
free cholesterol/total cholesterol. By ten weeks 
the two stilbestrol-implanted groups had sim- 
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and aortic cholesterosis and lipidosis (table 1). 
These tissue lipid levels in the two treated 
groups represent significant elevations. Con- 
sistent with plasma findings at this time, no 
significant differences between Group 1 and 2 
in degree of tissue lipidosis were recorded. In 
both the stilbestrol-plain mash and the stil- 
bestrol-thyroid mash chicks, the hepatic chol- 
esterol concentration was significantly in- 


TABLE 1.—Mean Plasma and Tissue Lipids of Stilbestrol (Group 1), Stilbestrol-Thyroid (Group 2) and Control 
(Group 3) Chicks 


| Phos- 
Phos- | pho- 
Group | pho- | lipid 
lipid* | Fatty | 
| Acidt 


| . . + —— - Neu- ~ 
5 Dies: ‘steri- atio : fiec otal tral otal 
me | eS fied F/T | Chol. | Chol. | Fatty | Fat | Lipid 
caine s Chol. Chol.t | Lipid Fatty Acid | Fatty (Calc.)] 
P Acid§ Acid|| 


mg. % | mg. %| mg. % | 3% ( mg. % | mg. % \ mg. % 


2600 | 1742 313 130 ‘ ‘ 95 4490 | 2653 
3170 | 2130 | 453 356 97 - 3. 71 4330 | 2129 
1995 | 13836 333 292 41 ; . 30 3518 | 2152 


990 | 663 300 | 298 
970 | 650 | 274 | 238 
g24| 545| 206 | 171 


824 | 552 | 226 157 
346 | 232 101 46 
189 127 99 
Plasma—5 Weeks 
1 1245 | 834 474 
2 29: 754 505 229 
3 : 160 107 90 
Plasma—27 Weeks | 
2235 | 1495 7. 
1490 | 998 5 
221 148 4 


Chol. = Cholesterol. 

* Phospholipid = lipid P X 26. 

+ Phospholipid Fatty Acid = phospholipid X .67. 

t Ratio F/T Chol. = Ratio: free cholesterol/total cholesterol. 

§ Esterified Chol. Fatty Acid = Esterified cholesterol X .73. 

|| Neutral Fat Fatty Acid = Total fatty acid — (phospholipid fatty acid + cholesterol fatty acid). 

§ Total Lipid = phospholipid + total cholesterol + esterified cholesterol fatty acid + neutral fat fatty 
eeid. 


ilar plasma lipid phosphorus levels (fig. 2), 
:Ithough hypercholesterolemia remained less 
-evere in the thyroid-fed birds. At fifteen weeks 
-nd thereafter, the pattern of hypercholesterol- 
‘mia and hyperphospholipemia was essentially 
‘imilar in the 2 groups of stilbestrol-implanted 
hicks (figs. 1 and 2, table 1). 

After twenty-seven weeks of treatment, both 
xperimental groups had a moderate hepatic 


creased about one-third above control values, 
with the ester fraction accounting for most of 
this increment (table 1). Liver phospholipids 
were similarily elevated. The two experimental 
groups had an aortic cholesterosis and lipidosis 
approximately equal in degree. These findings 
contrast with the significant differences be- 
tween the 2 groups in gross pathologic grading 
for atheroma (see below and fig. 1). 
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In contrast to the plasma lipid pattern, aorta 
cholesterol rose more than phospholipid (table 
1). Hence the ratio total cholesterol/lipid phos- 
phorus increased, whereas in the plasma it de- 
creased. If these excess aortic lipids are derived 
from the hyperlipemic plasma," this predom- 
inance of aortic cholesterosis over phospho- 
lipidosis may reflect a relative inability of the 
organism to remove cholesterol from the vessel 
wall,!6—8 

Morphologic findings. Grading of aortas of 
individual birds is presented in detail for all 
three groups in table 2. This data is sum- 
marized in figure 1 with the data corrected to 


33 per cent. The control chicks (Group 3) and 
the stilbestrol-thyroid mash birds (Group 2) 
exhibited a very similar incidence, severity and 
extent of atherosclerosis (figure 1). Unlike the 
controls, the stilbestrol-thyroid mash chick; 
were not entirely free of thoracic*aorta: lesion ; 
(table 2). 

Routine microscopic sections were take 
from the thoracic and abdominal aorta of chick 
from each group. In general, the histologic pic 
ture of both stilbestrol-induced and_ spor- 
taneous plaques was in accord with previou; 
descriptions from this and other labora- 
tories.*: *: 1. 2° Also in agreement with previou 


TaBLE 2.—Gross Pathologic Grading for Atheroma in Aortas and Great Vessels of Individual Birds 


Group 1 Group 2 Group 3 


et Grading os 
Bird No. Weeks on Bird No. | Weeks on 


Diet |-tThor.*| Abd.t | Sum Diet 


441 11 0 
321 13 
31 15 
16 15 
697 23 
63 27 
698 27 
81 27 
90 27 
85 27 


— 
> 


274 12 
283 27 
287 27 
285 27 
289 27 
214 27 
291 27 
284 27 
719 27 


al bole 


— 
a OM oO 


tis Alo mle 


Group 1—Stilbestrol-implanted, plain mash fed. 
Group 2—Stilbestrol-implanted, thyroid mash fed. 


Grading ai. Weeks on Grading 
Thor.) Abd. Sum Thor. , Abd. | Sum 

0 0 110 12 0 0 

0 0 467 15 0 0 

0 613 é 0 

0 122 

0 650 

0 558 
346 
354 
681 


ie le ae 


~ 
—_ 


Group 3—Control—plain mash fed, no hormone treatment. 


* Thor. = Thoracic aorta and brachiocephalic vessels. 
+ Abd. = Abdominal aorta and iliac vessels. 


eliminate age variations as a factor accounting 
for differences in pathologic findings. In con- 
trast to the aortic lipid findings (table 1), the 
stilbestrol-thyroid mash chicks had a signifi- 
cantly lower incidence, extent and severity of 
gross atherosclerosis than the stilbestrol—plain 
mash birds. Thus only 37 per cent of the stil- 
bestrol-thyroid mash birds (Group 2) had any 
gross evidence of atheroma; the average overall 
grading of lesions in the birds with plaques was 
0.4; no birds had a grading of 1 or greater. 
Corresponding data for the stilbestrol—plain 
mash birds (Group 1) was: per cent with le- 
sions, 67 per cent; average overall grading, 1.1; 
per cent with overall grading of 1 or greater, 


findings, two birds in Group 1 (chicks 63 and 
698) without evidence of gross evidence of 
atheroma at twenty-seven weeks had micro- 
scopic infiltration of the intima and subjacent 
media with sudanophilic material. The micro- 
scopic droplets of sudanophilic material were 
intra- and extracellular; they were not asso 
ciated with either intimal foam cell cushioning 
or fibrotic thickening.*: '® Three birds of Group 
2 (chicks 283, 287 and 719) exhibited the sam: 
phenomenon. Thus both stilbestrol—plain mas! 
and stilbestrol-thyroid mash chicks were sus 
ceptible to this diffuse microscopic lipid infil 
tration of the aorta. This morphologic finding 
correlates well with the biochemical data on 
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iortic lipidosis in the 2 experimental groups, 
ind is at variance with the group differences 
in degree of gross atherosclerosis. The relation- 
ship of this diffuse aortic lipidosis to athero- 
zenesis remains to be elucidated.'*: *4 


DIscUSSION 


Desiccated thyroid decreased the incidence, 
‘xtent and severity of  stilbestrol-induced 
itherosclerosis in the chick. This protective 
iction of thyroid hormone was only partial; 
complete prevention of lesions was not accom- 
plished. These findings are similar to our pre- 
vious observations on the partial prophylactic 
effect of desiccated thyroid in chick cholesterol- 
induced atherosclerosis.®: 7 

It is difficult to correlate the degree of athero- 
sclerosis with the plasma and liver lipid levels 
observed in the present study. Thus the stil- 
bestrol and the stilbestrol-thyroid treated 
chicks had similar lipid levels during the latter 
half of the experiment. Nevertheless, the stil- 
bestrol-thyroid birds had significantly less ath- 
erosclerosis. This finding may be related to 
the retardation of hyperlipemia induced by 
thyroid during the initial weeks of the study. 
However, this early depression of hyperlipemia 
was never complete. In relation to their level 
of plasma lipids over the entire course of the 
experiment, the stilbestrol-thyroid chicks were 
remarkably free of lesions. Thus the possibility 
arises that thyroid hormone exerted its effect 
on atherogenesis via mechanisms other than 
depression of hyperlipemia.®: 7: °-°6 

Stilbestrol-induced atherosclerosis in chicks 
differs from the cholesterol-induced lesion in 
the duration of time required for development 
of atheroma. Cholesterol-fed birds with a hy- 
vercholesterolemia of the same degree as stil- 
vestrol-implanted chicks develop gross ather- 
ma in one-third to one-half the time. Two 
possible explanations for this finding are sug- 
rested on the basis of present knowledge: (1) 
Compared to stilbestrol-implantation, choles- 
‘erol feeding probably requires the transport, 
urnover and metabolism of a greater load of 
‘holesterol for a corresponding level of hyper- 
‘holesterolemia™: 2; (2) unlike stilbestrol-im- 
plantation, cholesterol feeding induces a hyper- 
\ipemia characterized by a predominance of 


hypercholesterolemia over hyperphospholip- 
emia. The ratio of cholesterol to phospholipid 
in the plasma rises. The opposite change is 
seen in the stilbestrol-treated chick. Several 
workers maintain that an elevated ratio plasma 
total cholesterol/plasma lipid phosphorus leads 
to lipid instability, macrochylomicronemia and 
atherosclerosis.” The predominant hyperphos- 
pholipemia of the stilbestrol-implanted chick 
may retard the atherogenesis presumably in- 
duced by hypercholesterolemia. However, es- 
trogen-treated chicks eventually develop ath- 
erosclerosis. Hence it would appear that an 
increased ratio of total cholesterol to lipid phos- 
phorus in the plasma is not essential for the 
ultimate development of atherosclerosis. Ap- 
parently atherogenesis is promoted by any de- 
rangement of lipid metabolism inducing hyper- 
lipemia with hypercholesterolemia and an 
alteration of the normal quantitative relations 
among the plasma lipid elements. 

In the present study, thyroid exhibition had 
a variable effect on plasma lipid levels in the 
stilbestrol-implanted chick. During the first 
weeks of the experiment, desiccated thyroid 
depressed hypercholesterolemia and hyperphos- 
pholipemia. This is similar to its effect in the 
cholesterol-fed chick.6:7 However, the stilbes- 
trol-thyroid chicks eventually developed a hy- 
perlipemia as marked as that of the birds re- 
ceiving only stilbestrol. These findings are 
consistent with the previous observations of 
other workers. Thus, Fleischmann and Fried 
noted that thyroxine ‘neutralized’ the effect 
of estradiol on serum cholesterol if equal doses 
of the two agents were given.”> When estrogen 
dosage exceeded thyroxine dosage, hyperlip- 
emia ensued. This situation probably obtained 
in our stilbestrol-thyroid chicks during the 
latter weeks of the present study as a result of 
repeated pellet implantations. 

This apparent predominance of stilbestrol 
over thyroid was also reflected in the liver 
lipid pattern at the end of this study. Both 
the stilbestrol and the stilbestrol-thyroid 
treated chicks had a slight hepatic cholesterosis 
and phospholipidosis.”!: * No significant quan- 
titative differences between the two groups 
were noted. Thus, at least during the latter 





528 EFFECT OF DESICCATED THYROID 


weeks of this experiment, thyroid was ineffec- 
tive as a prophylactic lipotropic agent.?° 

The mechanisms of these hormone influences 
on lipid metabolism remain obscure. Fleisch- 
mann and co-workers have concluded that both 
stilbestrol and thyroid exert their opposing 
effects on plasma cholesterol concentration by 
shifting sterol to and from blood plasma, rather 
than by altering the relationship between sterol 
accumulation and disposal.**: *° Others, working 
with radioactive tracers, have obtained data 
tending to support different conclusions. Stet- 
ten has recently suggested that hyperthyroid- 
ism leads to a disproportionate increase in 
hepatic degradation of fat.*! Lipid depletion 
results.*-?9 * Taurog et al. have shown that ex- 
cised liver slices of stilbestrol-treated chicks 
form radiophospholipid at an enhanced rate.** 
They suggest that this is the source of stilbes- 
trol-induced hyperphospholipemia. We have re- 
cently obtained data indicating that chronic 
stilbestrol administration alters the organism’s 
overall lipid balance. In addition to hyperlip- 
emia, the body total cholesterol, phospholipid 
and neutral fat increase." 

The interrelationships between thyroid and 
beyond _ lipid 
metabolism, and apparently operate in many 


estrogenic hormones extend 


physiologic situations considerably different 
from those of the present experiment.**—*” Thus 
estrogens have been shown to suppress thyroid 
and plasma protein-bound iodine, probably via 
a pituitary action.*: *° The significance of these 
hormonal interconnections for atherogenesis re- 
mains to be elucidated. 


SUMMARY 


1. Desiccated thyroid reduced the incidence 
and degree of stilbestrol-induced atherosclerosis 
in the chick. 

2. During the first few weeks, thyroid hor- 
mone suppressed stilbestrol-induced hyperchol- 
esterolemia and hyperlipemia. After this period, 
plasma lipid levels and ratios in stilbestrol and 
stilbestrol-thyroid groups were essentially sim- 
ilar. 

3. At the end of the study, both of the ex- 
perimental groups had a moderate hepatic and 
aortic lipidosis, the degree of which in each 
tissue was essentially similar in each group. 


4. The possible mechanisms involved in the 
interplay of the two hormones, thyroid and 
stilbestrol, in suppressing stilbestrol-induced 
atherosclerosis are discussed. 
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Efficiency of Heparin in Retarding Media on 


the Maintenance of a Decreased Coagulability 
of the Blood 


By Hewen I. Guueck, M.D., CLareENcE J. Popore, M.D., anp JoserpH E. Levinson, M.D. 


Heparin/Pitkin menstruum has been advocated in the therapy of a variety of thromboembolic 
disorders. The clinical properties of two such mixtures each with and without vasoconstrictor 
agents is evaluated and it is demonstrated that a significant prolongation of the clotting time be- 
yond 24 hours cannot be obtained. A comparison between the one tube and the three tube methods 
for the determination of the coagulation time of blood reveals that both procedures yield compa- 


rable data. 


ECENT REPORTS have indicated 
that a Pitkin heparin menstruum can 
produce a consistent prolongation of the 

clotting time for as long as 48 hours.'~> During 
the course of studies on the effectiveness of this 
mixture in the therapy of myocardial infarction, 
we found that the duration and uniformity 
of action were less than that reported by others.® 
Consequently, it became necessary to re- 
evaluate the properties of this mixture in terms 
of the onset and extent of its effect on blood 
coagulation, as well as the duration of this 
action. 


METHOD 


Two commercially available brands* of heparin 
in retarding media were utilized in the present study. 


From The May Institute for Medical Research 
and the Department of Internal Medicine, The 
Jewish Hospital, Cincinnati, Ohio. 

Aided in part by a grant from the Upjohn Com- 
pany. 

*We are indebted to the Upjohn Company and 
to the William Warner Company for the heparin 
employed in this study. 

Brand A (Plain): heparin sodium, 200 mg.; sodium 


ethyl mercuri thiosalicylate, 0.1 mg.; gelatin, 18%;- 


dextrose, 8%; glacial acetic acid to pH 5.6; double 
distilled water q.s.a.d., 1 ml. 

Brand A (Vasoconstrictor): heparin sodium, 200 
mg.; sodium ethyl mercuri thiosalicylate, 0.1 mg.; 
gelatin, 18%; dextrose, 8%; ephedrine HCl, 10 mg.; 
epinephrine HCl, 1 mg.; glacial acetic acid to pH 
5.6; double distilled water q.s.a.d., 1 ml. 

Brand B (Plain): heparin sodium salt, 200 mg.; 
chlorabutinol, 0.5 mg.; eucupin dihydrochloride | 
mg.; Pitkin’s menstruum 2 ml. 

Brand B (Vasoconstrictor): heparin sodium salt, 


Brand A contained 200 mg. of the sodium salt of 
heparin per ml. while Brand B contained 100 mg. of 
the same salt per ml. Unless otherwise noted, each 
subject was given a single injection of an amount of 
menstruum which contained 400 mg. of heparin, i.e., 
subjects given Brand A received 2 ml. of the mixture 
while those given Brand B received 4 ml. of the 
mixture. The heparin was deposited into the deep 
subcutaneous tissues in the upper quadrant of the 
buttock through a 20 gage needle. When the injection 
was given, the needle was rotated so as to insure 
equal distribution of the menstruum. 

The coagulability of the blood was determined 
by means of clotting times estimated by a modifica- 
tion of the Lee-White method. For this purpose, 
venepuncture was performed with a dry, sterile, 
20 gage needle and a 5 ml. syringe. Two ml. of blood 
were withdrawn without the introduction of air into 
the syringe. If the vein was not cleanly negotiated, 
the sample was discarded. The needle was removed 
from the syringe, 1 ml. of blood gently expressed 
from the syringe and allowed to run down the side 
of a dry, clean test tube measuring 13 by 100 ml. 
The tube was then gently tilted to an angle of 90 
degrees once every minute until the blood no longer 
ran down the side of the tube. Thereafter, the tube 
was progressively tilted once every minute until, 
at 180 degrees, no motion of the blood was noted 
This was arbitrarily taken as the end point of the 
clotting process. The clotting time with this one 
tube procedure was 8.9 minutes (S.D. = +2.2) 
for a group of 76 subjects. 

To determine the validity of the one tube method 
as outlined above, 7 coagulograms were made o1 
the bloods of 4 patients, using a three tube method 
similar to that outlined by Gradwohl? and by Loewe 
and Eiber.* One ml. of blood was expressed from th¢ 
syringe into each of three test tubes. Clotting in the 


200 mg.; chlorabutinol, 0.5 mg.; eucupin dihydro 
chloride, 1 mg.; epinephrine HCl, 1 mg.; ephedrin 
sulfate, 25 mg.; Pitkin’s menstruum, 2 ml. 
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first tube was determined by the method described 
above. One minute after obtaining the end point 
in the first tube, the second tube was similarly 
treated and thereafter the coagulability of the blood 
in the third tube was determined. 

The subjects selected for study consisted of pa- 
tients in whom: there were no evidences of throm- 
boembolic disease, heart disease, carcinoma, infec- 
tions or recent operations. The subjects so selected 
were studied in groups designed to reveal the in- 
fluence of bed rest and of the presence of a vaso- 
constrictor in the menstruum on the time of onset 
of action and duration of effect of the administration 
of two brands of heparin in retarding media. 


RESULTS 


The clotting time as measured by the one, 
two and three tube procedures was determined 
in 4 subjects who received 7 separate injections 
of 400 mg. of Brand A heparin. The coagulo- 
grams thus obtained consisted of three parallel 
curves at each interval, when they were ex- 
pressed in terms of the absolute clotting time. 
The clotting time obtained by the three tube 
method was greater than that obtained with 
the use of two tubes, while that derived by the 
one tube method always gave the shortest 
clotting time. This relationship was found to 
be true for the pre-injection clotting times of 
blood as well as for those blood samples drawn 
after the injection of heparin. When the data 
were expressed as the per cent change from 
the pre-injection clotting times, essentially sim- 
ilar results were obtained by the use of one, 
two or three tubes. 

An analysis of variance* revealed that the 
differences between data obtained by the pro- 
cedure using one, two or three tubes as out- 
lined above were not significant at any of the 
intervals. The apparently greater effect noted 
at 6 hours with the one tube method could not 
be distinguished statistically from that ob- 
tained by use of the other two tubes. There- 
fore, any of the three tubes yields comparable 
information in regard to the percentage in- 
crease in clotting time during heparin therapy. 
This point is of some practical importance 
since it validates the use of the one tube pro- 
cedure and thus decreases the absolute time 
required for a determination of the clotting 
time of blood (fig. 1). 

A total of 82 coagulograms were obtained 


from 76 subjects. The data obtained after vari- 
ous treatments are summarized in table 1. In 
order to determine the effect of bed rest or 
activity on the action of heparin in retarding 
media, Brand A heparin without vasoconstric- 
tor was. administered to ambulatory subjects 
(group 1) and to patients confined to bed for 
the purposes of this study (group 2). The 17 
coagulograms on the ambulatory subjects and 
20 coagulograms on the subjects at bed rest are 
essentially the same (table 1). Since no statis- 
tically significant difference could be demon- 
strated between the data obtained from both 
groups at various intervals, it may be antici- 
pated that the use of repository heparin in 
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Fic. 1. Percentage increase over initial values of 
the clotting time in each of three tubes. Tube 1, 
solid line; tube 2, broken line; tube 3, dotted line. 


ambulatory patients will yield data similar to 
that obtained in patients who are immobilized 
and confined to bed. 

In order to compare the two brands of he- 
parin, coagulograms obtained after the adminis- 
tration of Brand A (group 2) were compared 
with the data obtained from subjects injected 
with Brand B (group 3). Twelve of the 14 
subjects in group 3 were also utilized to deter- 
mine the effect of Brand A. The administration 
of Brand B preceded the administration of 
Brand A by at least 48 hours in six of these 
subjects, while the administration of Brand B 
followed the administration of Brand A by at 
least 48 hours in the others. An analysis of the 
data obtained in this manner revealed that the 
two brands are essentially similar in their effect 
on the prolongation of clotting times. When 
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cither brand of heparin was administered, a 
ypid and progressive increase in the clotting 
‘ime was noted which by the end of four hours 
vas three times that of the pre-injection level. 
‘he peak of the heparin effect was reached 6 
ours after injection. From 18 to 20 hours after 
he injections the clotting time of the blood 
emained between two to four times that before 
he injection of heparin. Thereafter, a progres- 
ive decline in clotting time occurred so that 
ly the end of 24 hours after the injection of 
‘ither Brand A or B, there was no statistically 
:ignificant deviation from the pre-injection clot- 
ing time. 

Of interest is the fact that five of the 20 
ubjects who received Brand A complained of 
pain at the site of the injection; 2 of these 
developed hematomata. Eight of the 14 pa- 
‘ients receiving Brand B complained of local 
pain; one of these developed a hematoma. 

In order to determine the effect of the in- 
clusion of a vasoconstrictor in the menstruum, 
coagulograms were obtained on patients in- 
jected with Brand A containing vasoconstrictor 
(group 4) and on patients injected with Brand 
3 containing vasoconstrictor (group 5). In eight 
instances, the same subjects were utilized to 
test the action of the two brands and in such 
instances, at least 48 hours intervened between 
injections. 

The data summarized in table 1 reveal that 
the action of the two brands containing vaso- 
constrictor is essentially similar. Although the 
increase in clotting time appeared to occur at 
& more rapid rate with Brand A than with 
Brand B, students’ ‘‘t”’ test showed that the 
difference between the effect of the two brands 
is insignificant. Twenty-four hours after the 
injection of both brands, the clotting time was 
approximately two and one-half times greater 
han the initial time, but by 30 hours after the 
injections the clotting time had approached the 
ore-injection clotting times in both groups. 
ive of the 17 patients injected with Brand A 
‘complained of pain as did also 2 of the 9 
yatients injected with Brand B. No significant 
iterations in the blood pressure or heart rates 
vere noted during the performance of the tests. 

The incorporation of a vasoconstrictor agent 
n the menstruum definitely prelongs the dura- 


tion of the decreased coagulability of the blood 
as compared with the effect of a similar prepara- 
tion of heparin containing no vasoconstrictor 
agent (fig. 2). It is evident, however, that the 
decreased coagulability of the blood does not 
reach the so-called therapeutic levels as rapidly 
as does the heparin menstruum containing no 
vasoconstrictors. Consequently, despite the ap- 
parent increase in the duration of the effect in- 
duced by heparin containing vasoconstrictors, 
the actual duration of a therapeutically effec- 
tive hypocoagulability is not maintained for 
more than 16 hours. 

It has been suggested that an effective pro- 
longation of the clotting times may be attained 
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Fig. 2. Effect of 400 mg. of heparin in retarding 
media on the coagulation time of blood. 

o—o, heparin, plain; x - - - x, heparin, vasocon- 
strictor; @ — - — @, heparin, half plain, half vaso- 
constrictor. 


by simultaneous injection of two types of he- 
parin mixtures, i.e., of a heparin mixture with, 
and one without, vasoconstrictor.'~> Accord- 
ingly, we tested this hypothesis by administer- 
ing an injection of 200 mg. of Brand A without 
vasoconstrictor in one buttock and a simul- 
taneous injection of 200 mg. of Brand A with 
vasoconstrictor in the other buttock of each 
of five subjects (group 6). The coagulability of 
the blood was determined at four-hourly inter- 
vals after the injections. A significant prolonga- 
tion of the clotting time was first noted 8 hours 
after injection; this persisted for 28 hours and 
began to approach the pre-injection coagulabil- 
ity by the end of 32 hours (table 1). 
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It is evident from figure 2 that before the 
eighth hour after injection there was very little 
difference between the action of the mixture 
of heparin with and without vasoconstrictor 
agents on the one hand (group 6) and that of 
the heparin containing only vasoconstrictors 
{group 4) on the other. At the twentieth hour 
after injection, the prolongation produced in 
group 6 is somewhat greater than that in group 
4 but thereafter the differences are not statis- 
tically significant. 


DIscUSSION 

The responses of a group of subjects to any 
pharmacologic agent will tend to fall along a 
normal distribution curve. For that reason, 
fluctuations in the degree of effect of the same 
type of heparin were anticipated and, as a mat- 
ter of fact, were noted from patient to patient. 
The mean responses of the groups, however, 
represent the type of result. that can be ex- 
pected from the administration of the several 
types of heparin to large groups of subjects. 

These studies do not confirm the contention 
that an effective decrease in the coagulability 
of the blood for from 36 to 48 hours results from 
the single injection of a heparin menstruum.!~* 
Further, the incorporation of vasoconstrictor 
agents in the menstruum merely delays the 
onset of the effect and does not prolong the 
duration of the therapeutically effective de- 
crease in the coagulation of the blood (fig. 2). 

Since the administration of repository hepa- 
rin results in a relatively rapid decrease in the 
coagulability of the blood while the action of 
heparin mixtures containing vasoconstrictors 
results in a prolongation of the effect once it 
appears, it was postulated that the simultane- 
ous administration of these two mixtures of 
heparin might prove more effective than the 
injection of either alone. The data obtained 
with group 6 reveal that the above does not 
occur. Whether the failure to obtain a rapid 
development of the heparin effect was due to 
the use of only one-half the quantity of plain 
heparin in retarding medium was not. deter- 
mined. The lack of any evidences of a systemic 
effect of the vasoconstrictors makes it improb- 
wble that such an effect played a role in delay- 


ing the rate at which the heparin was absorbed 
from the contralateral side. 

Loewe and his associates have postulated"! 
that patients with thrombophlebitis usually 
require only 300 mg. of a mixture of plain 
heparin and that containing vasoconstrictors 
whereas those with coronary thrombosis usually 
require 400 mg. of the preparation withou 
vasoconstrictor in order to maintain effectiv: 
therapeutic levels. For such reasons we em- 
ployed the higher dosage of heparin in the 
present study. Consequently, the discrepanc’’ 
between the data reported herein and those o! 
Loewe cannot be attributed to an insufficien 
dosage. Since we found no essential differences 
between the two commercially available brands 
of heparin, the discrepancy cannot be attrib- 
uted to differences in the composition of the 
menstruums. 

It would appear from our data that to main 
tain an effective diminution of the coagulability 
of the blocd, injections of heparin in retarding 
media should be made at more frequent inter- 
vals than 32 to 48 hours. Such a conclusion is 
inherent in the recent studies of DeTakats’ 
who utilized a different method to measure the 
coagulability of the blood and obtained data 
essentially similar to that reported herein. 


SUMMARY AND CONCLUSIONS 


1. Estimation of the clotting time of the 
blood by means of either the one tube or three 
tube procedure yields values which are com- 
parable when the clotting time is expressed in 
terms of the percentage increase above the 
initial level. 

2. The effect of heparin in retarding media 
is not influenced by bed rest since similar 
changes in the coagulability of the blood are 
induced in subjects who are ambulatory as 
well as those confined to bed. 

3. Evidence could not be obtained that the 
single injection of various types of hepari 
in retarding media is effective in maintaining 
a decreased coagulability of the blood for mor 
than a twenty-four hour interval. 
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The Metabolism of Lactate and Pyruvate in 
Children with Congenital Heart Disease 


By Ricuarp J. Havet, M.D., anp Euron Warkins, Jr., M.D. 


with the technical assistance of Katharine S. Gullixson 


Venous blood lactic acid and pyruvic acid concentrations and lactate-pyruvate ratio were studied 
in 42 normal adults, 16 normal children and 18 children with congenital heart disease. There was 
elevation of resting values in children as compared with adults, but no significant change of values of 
resting children with congenital heart disease as compared with normal children. Following a stand- 
ard exercise test, children with patent ductus arteriosus showed a time curve comparable to nor- 
mal children, but children with cyanotic heart disease showed a persisting elevation of all values. 
The lactate-pyruvate ratio varied inversely with calculated mean capillary blood pO». 


ATIENTS with congenital heart disease 
should be excellent subjects for evalua- 
tion of the metabolic effects of chronic 
hypoxemia. Direct measurements of the ar- 
terial blood oxygen tension of 30 individuals 
with tetralogy of Fallot show a range of 30.2 
to 66.0 mm. Hg,' values significantly lower 
than recently reported arterial pO, figures for 
normal individuals. Although the work of Bing 
and associates! would indicate that certain 
mechanisms reduce the gradient of fall be- 
tween arterial blood pO. and mean capillary 
blood pO., the application of the formula of 
Barcroft for the approximation of ‘‘mean cap- 
illary pO,” to Bing’s crude data shows a sig- 
nificant reduction of mean capillary blood pO. 
of the cyanotic patients in Bing’s series as com- 
pared with normal individuals. Such a reduc- 
tion provides sufficient stimulus to the tissues 
to produce an increased concentration of hemo- 
globin in the circulating blood. The question 
arises whether or not such chronic hypox- 
emia results in alteration of mechanisms other 
than the oxyhemoglobin transport system. 
One of the most noticeable accompaniments 
of acute hypoxia is the accumulation of lactic 
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acid in the blood. Energy for the synthesis o 
high energy phosphate bonds during the glyco- 
lytic phase of carbohydrate breakdown is sup- 
plied largely by the reactions involved between 
1 ,3-diphosphoglyceraldehyde and __ pyruvic 
acid.2 During the conversion of 1,3-diphos 
phoglyceraldehyde to  1,3-diphosphoglyceric 
acid, diphosphopyridine nucleotide (coenzyme 
1) is reduced, and to maintain the conversion 
adequate amounts of the oxidized nucleotide 
must be provided continually. In the presence 
of sufficient amounts of oxygen, the reduced 
diphosphopyridine nucleotide formed in this 
reaction is reoxidized through the cytochrome 
system. In the absence of adequate oxygen 
concentrations reoxidation is accomplished by 
pyruvic acid, the latter being reduced to lactic 
acid. The ratio of the concentrations of lactate 
and pyruvate in the circulating blood reflects 
the degrees to which the reoxidation of diphos- 
phopyridine nucleotide is progressing through 
the aerobic cytochrome system and through 
the anaerobic lactate-pyruvate system. With 
significant reduction of oxygen concentration, 
a greater fraction of the total diphosphopyri- 
dine nucleotide oxidation is accomplished by 
pyruvate, causing an increase in blood lactate 
and in the blood lactate to pyruvate ratio 
(L-P ratio). The reaction, pyruvate = lactate 
is catalyzed by the enzyme, lactic dehydro- 
genase. 

Friedemann and Barborka* found that, in 
the blood of normal adults during exercise. 
there is a rise of both lactate and pyruvate 
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mecentrations, the lactate concentration rising 
ore rapidly with consequent elevation of the 
.ctate-pyruvate ratio early following the ex- 
‘tion. They demonstrated that changes in the 
ite of fall of the lactate-pyruvate ratio fol- 
wed changes in pulse rate and respiratory 
ite. They concluded that following exercise 
ie lactate-pyruvate ratio was an indicator of 
1e return of adequate tissue oxygenation. Tep- 
erman and Tepperman! showed that there was 
-evation of the blood lactate-pyruvate ratio of 
ormal individuals exercising while breathing 
air under reduced barometric pressure. The 
elevation of the lactate-pyruvate ratio ob- 


* w -\ 
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4,3. DIPHOSPHOGLYCERIC 
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OH HG-OH 
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1,3_ DIPHOSPHOGLYCERIC 
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but ambulatory and afebrile. These children 
were usually late convalescents after elective 
surgical operations. There was no significant 
difference between the values for the hospi- 
talized children in this group, and the values 
observed in several well children attending the 
outpatient clinic as tuberculosis contacts. 

The children with congenital heart disease 
were studied under hospital conditions. The 
diagnosis of congenital heart disease, cyanotic 
and acyanotic, was made by the usual clinical 
and laboratory evidences of heart disease. In 
most instances the anatomic lesion was con- 
firmed at the time of surgery or autopsy, or 


PN2H - FLAVO. . CYTOCHROME - CYTOCHROME + 4, 0 


PROTEIN C OXIDASE - O, 


e 


ANAEROBIC 


PYRUVIC ACID LACTIC ACID 


Fig. 1. Diagrammatic illustration of the alternative pathways for the maintenance of oxidized 
diphosphopyridine nucleotide (Coenzyme I, DPN): aerobically through the cytochrome-oxidase 
system, anaerobically through the pyruvate-lactate conversion system. 


served at a simulated altitude of 5000 feet 
was suppressed by breathing 100 per cent oxy- 
gen at that altitude. 

The lactate-pyruvate ratio has not been 
studied heretofore under the conditions pre- 
‘ailing in children with congenital heart dis- 
«ase. 


EXPERIMENTAL 


Values first were established for the venous 
lood lactate concentration, pyruvate concen- 
ration, and lactate-pyruvate ratio in 42 nor- 
nal adults and in 16 normal children. The 
iormal children included patients hospitalized 


: 
by the corollary evidence of improvement of 
cyanosis following the Blalock-Taussig opera- 
tion. The acyanotice type of congenital heart 
disease was represented exclusively by patients 
with patent ductus arteriosus. The cyanotic 
group consisted predominantly of children with 
the tetralogy of Fallot. 


Methods 


Blood samples were drawn from an ante- 
cubital vein whenever possible. In some of the 
younger children it was necessary to use the 
femoral vein, or rarely, the external jugular 
vein. During serial sampling for the exercise 
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test, the arm veins were used exclusively. Use 
of a tourniquet was necessary in order to ob- 
tain blood samples rapidly from the children. 
The tourniquet was kept in place as short a 
time as possible and, where feasible, released 
after entry into the vein with a short waiting 
period prior to withdrawal of the blood. No 
systematic differences were observed using this 
tourniquet technic alternately in 15 adults 
(table 2). Arterial blood samples were drawn 
from the femoral vessels. Uncalibrated 10 ml. 
syringes were used for sampling. After ejecting 
any foam present in an 8-10 ml. sample, a 
portion of the blood was delivered under oil 
into an oxalate-fluoride tube. Ejection of blood 
from the syringe was stopped exactly at the 
5.2 ml. mark. Five milliliters of blood were 
delivered through the needle into 10 ml. of 
freshly prepared 20% trichloracetic acid. This 
technic permitted rapid deproteinization im- 
mediately interrupting glycolysis. Blood sam- 
ples were drawn 2-4 hours after the last meal 
(breakfast or lunch) and analyzed the same 
day. 


The standard exercise test of Cournand and 
Richards® was used. During this test the pa- 


tient steps up and down from a stool 20 cm, 
high 30 times in one minute. 

Lactate and Pyruvate. The deproteinized 
blood sample was centrifuged at 2000 r.p.m. 
for 10 minutes. Lactate concentration was de- 
termined on duplicate 3 ml. aliquots of the 
supernate by the method of Long.* It was 
found that the blank recommended by Long 
was not necessary in our application of the 
method, probably due to the fact that we have 
used a 10% solution of reagent grade ceric sul- 
fate rather than the 30% solution of 35% pure 
ceric sulfate employed by Long. Pyruvate con- 
centration was determined on duplicate 1.5 
ml. aliquots of the supernate by the method 
of Friedemann and Haugen.’ During these ex- 
periments 142 blood samples were analyzed. 
The maximum difference between duplicate 
analyses was 2.7 mg. lactate per 100 ml. blood 
and 0.10 mg. pyruvate per 100 ml. blood. For 
lactate, the average difference between dupli- 
cate determinations was 1.55 mg. (standard de- 
viation 0.572 mg.). The average difference be- 


tween duplicates for pyruvate was 0.034 mg. 
(standard deviation 0.032 mg.). 

Carbon dioxide and oxygen content were 
determined on single one milliliter samples o! 
the blood under oil by the method of Van 
Slyke and Neill. Oxygen capacity was deter- 
mined after equilibration of blood with air a 
room temperature in a tonometer. 

Blood lactic dehydrogenase. The lactic dehy 
drogenase content of erythrocytes was esti 
mated by a quantitative application of th 
ferricyanide method for the study of dehy 
drogenase systems.° In a bicarbonate medium 
the reduction of ferricyanide by the hydroger 
activated through the dehydrogenase systen 
gives rise to equimolar amounts of carbon di 
oxide. (The use of ferricyanide as a hydroge1 
acceptor has the advantages of nontoxicity anc 
nonautooxidizability). 

The evolution of carbon dioxide was meas 
ured in the Barecroft-Warburg manometric ap 
paratus at a temperature of 38 C. with an 
oscillation rate of 120 cycles per minute. The 
reaction cell of the flask contained 3 ml. of a 
solution of the following composition: sodium 
bicarbonate, 0.05 M; sodium lactate pH 7.4, 
0.10 M; sodium cyanide pH 7.4, 0.05 M; di- 
phosphopyridine nucleotide, 0.0012 M*; lysed 
erythrocytes, 0.20 ml. 

Sodium cyanide was used to fix the pyruvate 
produced in the reaction by conversion to the 
pyruvate cyanohydrin. The final pH of this 
solution was 7.4 at 38 C. in the gas medium of 
90% nitrogen 10% carbon dioxide. Blood con- 
taining not more than 2 mg. of potassium oxa- 
late per ml. was centrifuged and the packed 
cells washed three times with an equal volume 
of 0.9% sodium chloride solution, the last cen- 
trifugation being carried out at 2000 r.p.m. 
for 10 minutes. The cells then were laked in 5 
volumes of distilled water. The diphospho- 
pyridine nucleotide was reported to be 60% 
pure by spectrophotometric analysis by the 
manufacturers. The side arm of the flask con- 
tained 0.2 ml. of 10 per cent sodium ferricya- 
nide in 0.05 M sodium bicarbonate. A small 
square of yellow phosphorus was placed in the 
center well to eliminate traces of oxygen. 


* Nutritional Biochemicals, Inc., Cleveland, Ohio 
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Following gas and temperature equilibration 
o the reaction manometers, ferricyanide was 
tipped into the reaction cell and gas evolution 
neasured for 30 minutes at five minute inter- 
vuls. Rate of evolution of carbon dioxide dur- 
ing this period was expressed as microliters of 
carbon dioxide (STPD) produced in nitrogen 
per hour (QSce). Determinations were run in 
duplicate. 


-Normal Children 


Cooperation 


8. ] Good 
me | : ° | Good 
7" Poor 
ae : , Poor 
- ees ) I Good 
ae | ‘ | Good 
as | Poor 
. W. Good 
as. | } Good 
. B: ] Poor 
.M. | Good 
ieee Good 
©. Good 
i. 3. Good 
D1. Poor 
D: H. Good 





| 
| 


| 
| 
| 


Average and Standard Deviation (16 children). . 
Average and Standard Deviation 

Males (8 children) 

Females (8 children)... 

p for Difference*.... 
Average and Standard Deviation 

Good Cooperation (11 children) 

Poor Cooperation (5 children) 

p for Difference. ... 
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Lactic Dehydrogenase Index = (QNi,,) X (Cell vo'ume) 


expressing a figure proportional to the dehy- 
drogenase activity of undiluted whole blood. 


RESULTS 


Table 1 lists the concentrations of blood 
lactate and blood pyruvate and the L-P ratio 
in 16 normal children at rest. Significant dif- 


Lactate mg. per 100 Pyruvate mg. per 100 | 


ml. blood ml. blood L-P Ratio 


13.0 
11.8 
10.2 
12.3 
10.8 
12.3 
11.6 
Tt: 
BE: 
10.3 
12. 
13. 
ll. 
14.6 
12.3 
9.5 


9.97 
14.60 
13.12 
17.55 
12.40 
20.50 
18.11 
11.93 
12.04 
12.04 
17.64 
13.50 
11.93 
15.19 
15.08 
14.30 


= 
Oo 


76 
24 
29 
43 
15 
67 
.56 
04 
04 
18 


eee 


Oo 


04 
22 
.50 


14.37 + 2.75 


.22 


+ 0.26 11.86 + 1.2 
13.65 + 2.95 
15.09 + 2.74 
0.4>p>0.3 


okt 


27 


+ 0.25 
+ 0.28 
.5>p>0.4 


11.71 + 1. 
12.01 + 1. 
0.3>p>0.2 


17 + 0.26 

3440.16 | 

| 0.38>p>0.2 | 
| 


12.01 + 1.63 
11.32 + 1.06 
0.5>p>0.4 


14.004 2.44 | 1. 
15.38 42.65 | 1 
0.4>p>0.3 


a 


* Standard statistical methods are used. The value p is derived from tables of ¢ and indicates the probability 


that an observed difference is due solely to samping error. If p is 0.05 or less, the observed difference is considered’ 
siatistically significant. The high values of p may be regarded as evidence of agreement between the groups. 


The stated concentration of diphosphopyr- 
iline nucleotide approached complete satura- 
ton of the reaction. The rate of carbon dioxide 
evolution was not linear during the 30 minute 
period. Variations in cyanide concentration did 
rot affect the nonlinearity of gas evolution. 

Cell volume determinations were made by 
centrifuging oxalated blood to a constant red 
cell volume in a Wintrobe blood volume index 
tube. The value, lactic dehydrogenase index, 
was calculated by the formula: 


ferences for any of these values were not found 
between the 8 males and 8 females, or between 
the group of 11 children who did not ery or 
struggle during the blood sampling and the 
group of 5 children who cried and/or struggled 
to a varying degree. Table 2 summarizes simi- 
lar data obtained in 42 normal adults. There 
was no significant difference between the 32 
adult males and 10 adult females. 

The values for lactate concentration, pyru- 
vate concentration, and lactate-pyruvate ratio 
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were significantly higher in children than in 
the adults. 


Lactate Pyruvate 
mg. per 100 mg. per 100) L-P Ratio 
ml. blood | ml. blood 


1.” Normal adults......| 9.36 1.03 9.10 
2. Normal children... 14.37 1.22 11.86 


<0.001 | <0.001 | <0.001 


p difference. . 


The results relating to blood lactate and 
pyruvate and the L-P ratio obtained in 8 chil- 


congenital heart disease are summarized in fig 
ure 2. 

The differences observed between the nor 
mal and acyanotic children were not statisti 
cally significant, suggesting normal exercis: 
tolerance in children with patent ductus ar 
teriosus. The cyanotic children showed reduce: 
exercise tolerance clinically, and a significan: 
elevation of lactate-pyruvate ratio immediately 
and 15 minutes after exercise. 

In order to determine the correlation be- 
tween the L-P ratio and the degree of oxygen 


TABLE 2.—Normal Adults 








Lactate mg. per 100 | Pyruvate mg. per 100 





Average and Standard Deviation (42 adults) 
Males (32 adults) 

Females (10 adults) 

p for Difference. .. 

With Tourniquet (8 adults).... 

Without Tourniquet (7 adults). 

p for Difference. ... 


12 


Average and Standard Deviation (8 children). 
Average for Normal Children (Table 1)........ 
p for Difference 





dren with acyanotic congenital heart disease. 


and 10 children with cyanotic congenital heart 
disease at rest are given in tables 3 and 4. 
There is no significant difference between the 
values for children with congenital heart dis- 
ease and those obtained in normal children. 
Results obtained trom the Cournand-Rich- 
ards standard exercise test in 7 normal chil- 
dren, 6 children with acyanotic congenital 
heart disease and 3 children with cyanotic 


9.36 + 1.62 
9.38 + 1.77 
9.29 + 1.76 


10.02 + 1.09 
10.16 + 0.67 


Lactate mg. per 100 Pyruvate mg. per 100 | 
| 


14.37 + 2. 


ml. blood ml. blood L-P Ratio 
.03 + 0.15 
.05 + 0.17 
97 + 0.15 
p>v.9 .2>p>0.1 


9.10 + 1.20 
8.93 + 1.42 
9.48 + 0.96 
0.3>p>0.2 
-14 + 0.14 8.91 + 1.21 
12 + 0.13 9.17 + 1.39 
p>0.9 | O.8>p>0.7 p>0.9 


TaBLeE 3.—Children with Patent Ductus Arteriosus 


ml. blood ml. blood L-P Ratio 


16.61 1.22 | 13.61 
15.86 1.50 10.57 
15.75 1.84 8.56 
15.06 1.25 12.05 
15.53 1.39 11.18 
11.36 1.01 11.25 
11.97 0.97 | 12.34 
11.00 1.08 10.19 

27 
22 + 0.26 
8>p>0.7 


11.86 + 1.28 
0.4>p>0.3 


ation of tissue, the L-P ratio was plotted 
against approximated mean capillary pO». The 
approximation of mean capillary pO, requires 
several assumptions due to the lack of knowl- 
edge concerning the quantitative aspects of 
oxygen diffusion in the capillaries and lack of 
knowledge concerning the nature of the oxy- 
hemoglobin dissociation curve of individuals 
with congenital cyanotic heart disease. A mod- 
ification of the formula of Barcroft was used 





1 AcTATE / 100 ML BLOOD 


AA 
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Name Age | Sex Diagnosis 


M. B. 
Cc. B. 


M_ | Tetralogy of Fallot 
M | Truncus 

cor triloculare 
Fe: Tetralogy of Fallot 


K. C. 


M 
F 
Fallot 
L. K. M 
Fallot 
M 


arteriosus; | 


Probable tetralogy of | 


Probable tetralogy of | 


Tetralogy of Fallot | 


| 
and patent ductus | 


arteriosus 
Unknown 
Tetralogy of Fallot 
Unknown 
Tetralogy of Fallot 


M 
M 
M 
M 


3. 8. 
> EB. 


Average and Standard Deviation (10 children) . . 
Average for Normal Children (Table 1)..... 
p for Difference.... 





LACTIC ACID 


a 
° 
° 
a 
oO 
J 
= 
° 
2 
hs 
WwW 
= 
<a 
Fe 
oO 
<q 
J 
© 
2 


MG PYRUVATE / 100 ML BLOOD 


0 


17.24 + 8.65 
14.37 + 2.75 
0.3>p>0.2 


PYRUVIC ACID 


5 


| Lactate mg. per 100 


TaBLE 4.—Lactate, Pyruvate and L-P Ratio in Children with Cyanotic Congenital Heart Disease 





| 
Pyruvate mg. per 100 


ml. blood L-P Ratio 


ml. blood 


20.43 
10.53 


1.56 
0.94 


13.10 
11.20 
14.62 
65 


36 
3.41 


10.7: 
12.4 


.38 10.9% 


. 04 


13. 
16.54 
14.69 
15.19 


28 29 
29 
50 
1.18 


29 
82 
80 
87 


12. 
9. 
12. 


Ly; 
by 
Le 


11.38 + 1.20 
11.86 + 1.28 
0.4>p>0.3 


1.50 + 0.68 
1.22 + 0.26 
0.2>p>0.1 





L/P_ RATIO 


L/P RATIO 


10 15 


MINUTES AFTER STANDARD EXERCISE 


® 
Fig. 2. Response of children to the standard exercise test of Cournand and Richards. Observa- 
tions were made at rest, immediately prior to exercise, immediately following the exercise, and 15 
minutes following the completion of the exercise. O, mean values of seven normal children; A, 


mean values of six children with patent ductus arteriosus; 


cyanotic congenital heart disease. 


for the approximation of mean capillary oxy- 
gen tension in the region drained by the cog- 
1 ate arm vein: 
‘Tean Capillary pO. = Venous pO» 

(arterial pO. — venous pO») 

3 

n the absence of any observations of arterial 
xygen saturation or pO. in the normal and 


[-], mean values of three children with 


acyanotic groups, an arterial pO. of 88 mm. 
Hg was assumed. The other pO. values were 
determined by plotting from a standard oxy- 
hemoglobin dissociation curve, pH 7.4, using 
observed oxyhemoglobin saturation values. 
The assumption: must be made that the blood 
of patients with cyanotic congenital heart dis- 
ease conforms to the pH 7.4 oxyhemoglobin 
dissociation curve in the face of a plasma ionic 
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MEAN 
CAPILL. 


p02 





8 9. iO It 12 13 14 15 
LACTATE/PYRUVATE RATIO 


Fic. 3. Relation of caleulated mean capillary pO. 
and lactate-pyruvate ratio as measured by analysis 
of cubital vein blood. ©, normal children at rest; 
@, normal children immediately following Cournand- 
Richards standard exercise; @, normal children 15 
minutes after completion of standard exercise; A, 
children with patent ductus arteriosus at rest; A, 
children with patent ductus arteriosus 15 minutes 
after completion of standard exercise; W, children 
with cyanotic congenital heart disease at rest. Re- 
gression lines were fitted by the least squares method. 
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INDEX 


LACTIC DEHYDROGENASE 





50 60 70 80 
CELL VOLUME 

Fic. 4. Relation of lactic dehydrogenase index and 

hematocrit of venous blood. O, 9 normal adults and 

8 normal children (age range 2 years to 32 years); 

A child with patent ductus arteriosus; S, 4 children 

and 2 adults with congenital cyanotic heart disease. 

Regression lines were fitted by the least squares 
method. 


structure resulting in a normal plasma pH but 
a significantly lowered plasma pCOs. This as 
sumption is made on the evidence of Bing’s 
direct measurements of blood oxygen saturs 
tion and pO».' These direct values clum» 
around the pH 7.4 standard oxyhemoglobi 
dissociation curve. 

Figure 3 is a graph of the lactate-pyruvat» 
ratio plotted against mean capillary pO» in 3} 
observations on 29 individuals. 


The normal and acyanotic values seem t» 


fit a straight regression line and, by the leas 
squares method, the regression equation, 
pO. = 128 — 6.76 L-P ratio, is derived. How- 
ever there is a wide range of estimating erro: 
about this line as indicated by a standard de 
viation of established pO, points about the 
line of +9.78 mm. pO». The correlation co- 
efficient is —0.64, which is significantly differ- 
ent from zero (p < 0.01). There appears to 
be better correlation between pO. and L-?P 
ratio in the 6 cyanotic children (r = —0.87, 
p < 0.05) but the small sample size excludes 
more extensive statistical analysis. 

Blood of the cyanotic children has a higher 
lactic dehydrogenase enzyme activity by vir- 
tue of an increased concentration of red blood 
cells, there being no significant alteration of 
the enzyme concentration per unit volume of 
red cells (fig. 4). 


DiIscUSSION 

The demonstration that the L-P ratio in 
children with cyanotic congenital heart disease 
at rest does not differ from that of normal 
children suggests that oxygen requirements are 
being met under such conditions. It is evident, 
however, that the existing balance can be up- 
set easily, as the data from the standard exer- 
cise test demonstrate. In normal children and 
in those with patent ductus arteriosus, the 
lactate, pyruvate and L-P ratio values, rising 
following exercise, had returned to levels no! 
significantly different from the resting value 
15 minutes following exercise. In the childrer 
with cyanotic congenital heart disease, th: 
changes were not only more marked just fol 
lowing exercise but persisted 15 minutes later. 

The: inverse correlation observed between 
the L-P ratio and mean capillary pO, demon- 
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strates further the relation of this value to 
tissue oxygenation. The fact that children with 
« anotie congenital heart disease have a nor- 
nal L-P ratio in spite of a reduced mean cap- 
il ary pO: is good evidence that compensatory 
nechanisms exist through which such indi- 
y duals maintain normal oxidative conditions 
ii their tissues at rest. 

Recent studies indicate that chronic anoxia 
does not produce significant elevation of iron- 
porphyrin compounds other than hemoglobin. 
Drabkin'® has shown that the rate of appear- 
uuce of new cytochrome in regenerating rat 
liver is unchanged under conditions of chronic 
anoxia. The myoglobin concentration in skel- 
etal muscle of rats'! and dogs” remains un- 
changed after prolonged exposure to baromet- 
ric pressure reduced sufficiently to produce 
marked polycythemia. Changes in these and 
other tissue constituents might occur under 
conditions of chronic anoxia but a simpler ex- 
planation can be advanced. It is known that 
oxygen requirements often are reduced sig- 
nificantly in cyanotic congenital heart disease. 
Bing reports a series of cyanotic patients in 
whom the basal metabolic rate averaged —24 
per cent. The ability of cyanotic individuals 
to maintain a normal L-P ratio may be re- 
lated to this observation of a lowered meta- 
bolie rate. The difference observed between 
the L-P ratio in resting normal children and 
resting normal adults is of interest in this re- 
gard. Standard tables for the basal metabolic 
rate indicate that the value for normal chil- 
dren is 26 per cent higher than the value for 
normal adults in the age groups of this series. 
The L-P ratio was increased 29 per cent in 
the normal children here as compared with the 
normal adults, suggesting a possible correla- 
ton between basal metabolic rate and the L-P 

tio. The existence of a normal L-P ratio in 

e presence of a presumably reduced basal 

etabolic rate in the patients of the cyanotic 
-oup suggests that, due to the hypoxic con- 

tions, the L-P ratio is elevated relative to 
ie basal metabolic rate. Direct comparisons 

‘tween L-P ratio and the rate of oxygen con- 

imption in cyanotic children and hypothy- 
1 id acyanotic individuals should, resolve this 

spect of the problem. 


Krogh" calculated the capillary-cell pO, dif- 
ference necessary to produce a diffusion gradi- 
ent sufficient to maintain the observed oxygen 
consumption of mammalian muscle at rest and 
arrived at a range, 19-49 mm. Hg. The reduc- 
tion of mean capillary pO. in cyanotic con- 
genital heart disease to a range in Bing’s series 
of 24.8-45.4 mm. Hg and in our series a range 
of 13-42 mm. Hg presents the possibility that 
the rate of oxygen diffusion may limit the rate 
of its uptake under such conditions of chronic 
anoxia and lead to a lowered metabolic rate. 

In the face of normal lactate and pyruvate 
concentrations the normal lactic dehydrogenase 
assay would indicate that, at least within the 
red blood cell, there is no increase in the rate 
of pyruvate-lactate conversion. The findings 
indicate association between erythrocyte me- 
tabolism and the lactic dehydrogenase system, 
(possibly the maintenance of the iron of hemo- 
globin in the ferrous state!). 


SUMMARY 


1. Blood lactate and pyruvate concentra- 
tions and lactate-pyruvate ratio values are es- 
tablished for normal adults and normal chil- 
dren. The resting values are significantly higher 
in children than in adults. 

2. Children with acyanotic congenital heart 
disease have a normal lactate-pyruvate ratio 
at rest. Children with cyanotic congenital heart 
disease have a normal resting lactate-pyruvate 
ratio in spite of a lowered mean capillary oxy- 
gen tension. The possibility is presented that 
the normal lactate-pyruvate ratio in these chil- 
dren is related, to their low metabolic rate. 

3. The lactate-pyruvate ratio varies in- 
versely with calculated mean capillary oxygen 
tension at rest and after exercise. 

4. There is a delayed return of the lactate- 
pyruvate ratio to normal following exercise in 
children with cyanotic congenital heart dis- 
ease. 
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Pathology of the Pulmonary Vascular Tree 


| A Comparison of the Intrapulmonary Arteries in the Eisen- 
menger Complex and in Stenosis of Ostium Infundibuli 
Associated with Biventricular Origin of the Aorta 


By W. Haroup Civin, M.D., anp Jesse E. Epwarps, M.D. 


The case to be reported is characterized by stenosis of the ostium infundibuli of the right ventricle 
and biventricular origin of the aorta. Certain of the anatomic features of the heart in this case 
are similar to those of the Kisenmenger complex. One difference between the two conditions is that 
in the case herewith reported subpulmonary (infundibular) stenosis existed, while in the Eisenmen- 
ger complex there is no anatomic barrier to pulmonary blood flow, either in the heart or great ves- 
sels. On these gross anatomic differences seem to depend the differences in structure of the intra- 


pulmonary arteries in the two conditions. 


SIMILARITY to Eisenmenger com- 

plex was noted in certain of the ana- 

tomic features of the heart in the case 
herewith reported. These similarities, as well 
as the differences, were studied to explain the 
differences in structure of the intrapulmonary 
arteries in stenosis of the ostium infundibuli 
of the right ventricle and biventricular origin 
of the aorta, the condition described herein, 
and in Kisenmenger complex. 


Report oF A CasE 


Clinical Features. The patient, a man, age 47 
years, who was a laborer, came to the Mayo Clinic 
on Jan. 20, 1920, because of hematuria, dysuria 
and frequency of six weeks’ duration. Ten weeks 
prior to registration at the clinic, transitory pain 
in the left side of the abdomen, associated with 
hematuria, dysuria and frequency developed. 
Twenty years prior to this illness his family phy- 
sician had told him that he had heart disease. The 
patient stated that eleven years previously he had 
had transitory edema of the ankles. This evidently 
had not recurred. 

When the patient registered at the clinic, phy- 
sical examination revealed evidence of moderate 
cirdiae enlargement. A murmur was heard over the 
cardiac apex and was associated with a precordial 
thrill. The legs were moderately edematous, and 


From the Mayo Foundation, Rochester, Minn. 

In part an abridgment of a portion of a thesis 
sibmitted by Dr. Civin to the Faculty of the Grad- 
uate School of the University of Minnesota in partial 
filfillment of the requirements for the degree of 
Master of Science in Pathology. 


there was moderate ascites. The blood pressure 
was 140/80. Cyanosis was not mentioned in the 
record. Rectal examination revealed a large mass 
in relation to the prostate. A cystogram showed a 
filling defect in the outline of the bladder consistent 
with that caused by a vesical neoplasm. Erythro- 
cytesnumbered 2,700,000 per cu. mm. of blood. 
The patient’s general condition was precarious, and 
he died six days after registration, on Jan. 26, 
1920. 

Pathologic Features. Necropsy revealed carcinoma 
of the bladder with extension to the prostate and 
metastasis to the liver. Of particular interest were 
the findings in the heart and the intrapulmonary 
arteries. The heart was moderately enlarged; it 
weighed 650 Gm. There was a large defect of the 
membranous portion of the ventricular septum 
measuring 2.5 em. in greatest dimension. The aorta 
which was of normal caliber arose from the right 
and left ventricles above this defect (fig. 1A). 

In the right yentricular outflow tract there was a 
fibrous diaphragm in the center of which there was 
an opening measuring 1.5 em. in diameter. This 
membrane lay at a level above that of the ventric- 
ular septal defect and inferior to the pulmonary 
valve (figs. 1B and 2). 

In this way the outflow portion of the right ven- 
tricle was divided into a substenotie portion and a 
subvalvular or suprastenotic portion (fig. 1B). The 
distance between the lower portion of the pulmonary 
valve and the infundibular membrane was 4.0 em. 
The orifice of the pulmonary valve which led solely 
from the right ventricle was of normal caliber or 
slightly dilated, measuring 7.0 em. in circumference. 
The pulmonary valve possessed three normal leaf- 
lets. 

The wall of the left ventricle was hypertrophied, 
measuring 1.8 em. in thickness. The wall of the right 
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ventricle was hypertrophied in its inflow portion 
and in that part of the outflow tract below the 
infundibular diaphragm. In these regions it meas- 
ured from 0.9 to 1.5 em. in thickness. The outflow 
portion of the right ventricle above the fibrous dia- 
phragm was noticeably thinner than the wall in the 
other portion of the right ventricle. The supra- 
stenotic portion of the right ventricular wall meas- 
ured 0.5 em. in thickness. The lining of the supra- 
stenotic portion of the right ventricle was irregularly 
thickened with fibrous tissue. 


Fia. 


terioles were considered to be within the limits of 
normal (fig. 3A). 


Were it not for the stenosis of the ostium 
infundibuli the anomalies in this case would 
fulfill the criteria for a diagnosis of Kisenmenger 
complex. The stenosis below the pulmonary 
ralve was localized and seemed to be of suc) 
degree as to allow adequate flow of blood in the 
pulmonary system. This categorically remove:l 


2. The suprastenotic portion of the right 


ventricular outflow tract viewed from above. The 
pulmonary valve (one leaflet containing an artefact) 
has a wide orifice. The zone of infundibular stenosis 
which is unopened lies inferior to the valve. 


Fic. 1A. The left ventricle. Above a membranous ventricular septal defect the 
aorta arises in part from each ventricle. 

B. The right ventricular outflow tract. Below the pulmonary valve is the 
opened fibrous membrane which created subpulmonary (infundibular) stenosis. 
The probe extends from the right ventricle into the aorta. Below the level of 
the stenosis of the ostium infundibuli the right ventricular wall is hypertro- 


phied. 


The mitral, tricuspid and aortic valves and the 
coronary arteries were normal. The ductus arteriosus 
was closed. 

Grossly the lungs exhibited moderate degrees of 
congestion and edema. Scattered small metastatic 
lesions from the carcinoma of the bladder were 
present in the peripheral portions and involved the 
adjacent visceral pleura. The major pulmonary ar- 
teries showed no gross abnormalities. 

On microscopic examination of the lungs the gross 
findings were confirmed. It is of special interest that 
structurally the intrapulmonary arteries and ar- 


the condition from designation as tetralogy of 
Fallot. 

The case is an example of another condition 
variously called “stenosis of the infundibulum,” 
“stenosis of the lower bulbar orifice of the in 
fundibulum” or ‘‘stenosis of ostium infundib- 
uli.” The condition is characterized by a fi- 
brous or fibromuscular localized stenosis of th: 
outflow tract of the right ventricle.!:?:* In 
certain cases this condition may be associate: 
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wi h a closed ventricular septum and origin of 
th: aorta entirely from the left ventricle.*: * In 
ot .er cases conditions are like the one which we 
he ve described in that a ventricular septal de- 
fet and biventricular origin of the aorta are 
as-ociated.® The stenosis of the outflow tract in 
the ease presented herein was associated with 
hypertrophy of the wall of the right ventricle 
be ow the stenosis. Above the stenosis the thick- 
ness of the wall of the right ventricle was within 
limits of normalcy. This suggests that while the 
pressure in the lower part of the right ventricle, 
that which communicated with the aorta, was 
elevated, the pressure above the stenotic mem- 
brane was of lesser magnitude. The presence of 
normal intrapulmonary arteries suggests that 
these vessels were protected by the presence of 
a stenotic membrane in the outflow tract of the 
right ventricle. 

In order to support the opinion that the ste- 
nosis was beneficial to this patient who had 
biventricular origin of the aorta and so might 
be simulated surgically in the Eisenmenger 
complex, the following consideration of the ana- 
tomic and functional nature of the Eisenmenger 


complex is presented. 


ANATOMIC AND FuNCTIONAL NATURE OF THE 
EISENMENGER COMPLEX 


The Eisenmenger complex is characterized 
by the biventricular origin of the aorta above 
a membranous ventricular defect, or origin of 
the aorta entirely from the right ventricle, nor- 
mal or dilated pulmonary arterial channel and 
hypertrophy of the right ventricle.’ Because 
the aorta arises partly or entirely from the 
right ventricle, there is the possibility of con- 
siderable pulmonary blood flow in association 
with deficient systemic blood flow.’ Such an 
effect may in fact exist in those patients with 
the Eisenmenger complex who die at an early 
ag. In patients who survive infancy, however, 
the evidence suggests that in spite of the gross 
va: cular derangements, blood flow in the pul- 
m aary system is only a little if at all excessive.° 
In 5 cases of the Eisenmenger complex, Bing, 
Veadam and Gray" found that the volume of 
bl-od in the pulmonary capillaries was normal 
or .early normal. This finding coupled with the 
presence of pulmonary hypertension led these 


investigators to conclude that in the Eisen- 
menger complex resistance to blood flow 
through the pulmonary vascular bed must be 
increased. These investigators also suggested 
that anatomic lesions of the pulmonary arteri- 
oles might exist to explain the results obtained 
in functional studies and stated that in pre- 
liminary pathologic studies this deduction 
seemed to be supported. Lagerlof and associ- 
ates!! also found pulmonary hypertension in the 
{isenmenger complex and interpreted it as re- 
sulting from increased resistance to pulmonary 
flow. 

The literature contains little on the micro- 
scopic appearance of the intrapulmonary ves- 
sels in the Eisenmenger complex. Stewart and 
Crawford” in 1933 reported the case of a man 
60 years old who had this malformation. They 
observed pulmonary vascular changes which 
they attributed to syphilitic infection. Though 
the changes in the larger pulmonary arteries 
may be the result of an infectious process, the 
appearance of the smaller arteries as illustrated 
(fig. 3B) shows changes in structures which may 
be interpreted as being due to other circum- 
stances. 

In a case of EKisenmenger complex affecting a 
boy 11 years old, Old and Russell'® found me- 
dial hypertrophy and intimal fibrosis of the 
small intrapulmonary arteries resulting in se- 
vere luminal narrowing. There were also acute 
inflammatory arterial changes but the latter 
are conceivably not related to the Eisenmenger 
complex. 

We studied the pulmonary vessels in the case 
of Eisenmenger complex of a boy, 11 months 
old, reported by Dry and associates.'* The small 
intrapulmonary arteries were characterized by 
thick muscular medias, thick collagenous ad- 
ventitias and narrow lumina (fig. 3C to @). Un- 
like the observations made on older individuals 
by Stewart and Crawford” and Old and Rus- 
sell,’ our young patient had no intimal fibrosis. 
The intrapulmonary arteries were considered 
abnormal for a child 11 months old (fig. 2D). 
These vessels, however, were like those in the 
lungs of normal fetuses and of infants dying in 
the first half year of postnatal life from causes 
other than cardiovascular disease. 

The changes in the intrapulmonary arteries 
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Fig. 3. Intrapulmonary arteries. A. A small intrapulmonary artery in the case of stenosis of os- 
tium infundibuli presented. The artery is essentially normal. Contrast it with figure 3B. (Verhoeff’s 
elastic tissue stain counterstained with van Gieson’s connective tissue stain, 130.) 

B. A small intrapulmonary artery in the case of Eisenmenger complex reported by Stewart and 
Crawford.!? There is great thickening of the wall associated with luminal narrowing, (130). (Re 
produced with permission of the authors and the American Journal of Pathology.) 

C. Normal pulmonary muscular artery from an infant 6 months old. Though at this stage of de- 
vel opment the media is still relatively thick, the lumen is wide. Contrast with the picture in the Eisen- 
menger complex in D. (Verhoeff’s elastic tissue stain counterstained with van Gieson’s connective 
tissue stain, X 300.) 

D. An intrapulmonary muscular artery in a case of Kisenmenger complex; patient was 11 months 
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1 the case of Stewart and Crawford” and the 
oninflammatory changes in that of Old and 
tussell® are similar to those observed at the 
linic in the smaller pulmonary arteries in cases 
‘a which aortic coarctation lies proximal to a 
iatent ductus arteriosus.'® In the latter anoma- 
ous complex and in the Eisenmenger complex 
he function of the right ventricle is similar in 
hat this ventricle supplies blood simultane- 
ously to the pulmonary and systemic systems. 
Moreover, in this respect the function of the 
right ventricle is like that in the fetus as the 
blood ejected from this chamber flows partly 
io the lungs and partly through the ductus 
arteriosus into the aorta.'®: '” We assume that 
in the normal fetus the distribution of blood 
from the right ventricle to the lungs on one 
hand, and to the systemic circulation on the 
other, is dependent in a measure at least on the 
state of the smaller pulmonary arterial vessels; 
that at the level of these vessels the resistance 
to flow is essentially like that in the systemic 
circulation. Were resistance to blood flow in the 
pulmonary vessels lower than resistance to flow 
in the systemic vessels, as is the normal adult 
condition, blood from the right ventricle would 
to a large measure, or completely, be distributed 
to the lungs. Little or no blood would flow 
through the ductus arteriosus into the aorta. 
On the basis of existing evidence, we are of 
the opinion that the pulmonary vascular bed of 
patients with the Eisenmenger complex who 
survive infancy and who have reasonably weill- 
functioning cardiovascular systems for a num- 
ber of years, maintains its fetal function; that 
is, the resistance to flow through the pulmonary 
vascular bed continues equal to or nearly equal 
'o the resistance to flow in systemic vessels. A 


similar interpretation of the postnatal function- 
ing of the pulmonary vascular bed was ex- 
pressed as likely in cases in which aortic 
coarctation lies proximal to a patent ductus 
arteriosus.!® The medial hypertrophy of the 
smaller pulmonary arteries in association with 
coarctation of the aorta proximal to the patent 
ductus arteriosus and with the Eisenmenger 
complex, is interpreted as reflecting increased 
resistance to pulmonary blood flow. The medial 
hypertrophy also is interpreted as representing 
maintenance of a fetal type of pulmonary 
artery. 

This anatomic state of the pulmonary ves- 
sels, in our opinion, need not be considered as 
representing an anomaly. On the contrary we 
consider it a part of a compensatory mechanism 
which permits the patient to remain alive. The 
individual with such a compensatory mecha- 
nism pays a price, however, since the mecha- 
nism as outlined has pulmonary hypertension 
as a component part. The intimal fibrous 
changes which may be present in the pulmonary 
vessels of older patients who have Eisenmenger 
complex cause further narrowing of the vessels. 
These seem to arise after medial changes are 
evident and are considered to be a reaction to 
the traumatic influence of existing pulmonary 
hypertension. Whereas the medial hypertrophic 
changes are associated with luminal narrowing 
of desirable and perhaps changing degree,’: '° 
the intimal changes cause further and fixed 
narrowing of the lumen. The narrowing so 
‘aused may be of such degree as to increase the 
resistance to pulmonary blood flow above that 
to systemic flow. Such a development would 
-ause a greater distribution of the right ventric- 


of age. In contrast with the normal, C, the thick media is associated with a narrow lumen. (Verhoeff’s 
elastic tissue stain counterstained with van Gieson’s connective tissue stain, X300.) 

E. Small intrapulmonary artery in a case of Eisenmenger complex; child was 11 months of age. 
The media is thick and the lumen is narrow. The picture is like that in the normal newborn (see F) 
and in contrast to the picture at a later stage in development (G). (Verhoeff’s elastic tissue stain 
counterstained with van Gieson’s connective tissue stain, X 450.) 

F, A normal small intrapulmonary muscular artery of an infant 4 days old. The media is thick and 
the lumen narrow. (Verhoeff’s elastic tissue stain counterstained with van Gieson’s connective tissue 


stain, X450.) 


G. A normal small intrapulmonary muscular artery of an infant 6 months of age. The picture is 
different from that in the newborn period (F) and from that in the Eisenmenger complex, (EZ). The 
media has become thin and the lumen wide. (Verhoeff’s elastic tissue stain counterstained with van 


Gieson’s connective tissué stain, X 450.) 
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ular blood to the aorta and a concomitant les- 
sening in the volume of pulmonary blood flow. 
It seems reasonable to speculate that the 
characteristic late appearance of cyanosis in 
cases of the Eisenmenger complex may be the 
result of such intimal changes. When the in- 
timal changes develop in association with the 
Sisenmenger complex, the condition present is 
functionally comparable to that in tetralogy of 
Fallot. The intimal changes being in the smaller 
pulmonary arteries are, however, beyond reach 
of a by-passing operation as practiced in the 
tetralogy of Fallot. It is evident from the fore- 
going that in the patient who has an Eisen- 
menger complex, the responsibility of regulat- 
ing pulmonary and systemic blood flow seems 
to fall in part on the smaller pulmonary arterial 
vessels and that eventually this function causes 
irreparable changes in these. It would be de- 
sirable if in the Eisenmenger complex responsi- 
bility for regulating the distribution of right 
ventricular blood were removed from the intra- 
pulmonary vessels in order to protect these 
from developing occlusive intimal changes. 


COMMENT 


The case of infundibular stenosis herein pre- 
sented suggests a method for shifting the re- 
sponsibility away from the vulnerable intra- 
pulmonary vessels. It will be recalled that the 
heart in the case reported showed certain fea- 
tures of the Eisenmenger complex, namely the 
biventricular origin of the aorta above a ven- 
tricular septal defect, right ventricular hyper- 
trophy, and absence of stenosis of the pulmo- 
nary valve or pulmonary trunk. There was one 
additional feature of importance in the form of 
localized stenosis of the outflow tract of the 
right ventricle at a level above that of the ven- 
tricular septal defect. Thus the right ventricle 


being in communication with the aorta un-. 


doubtedly maintained a high level of pressure 
but the pulmonary vessels and, presumably, 
the pulmonary blood pressure were normal. 
This interpretation gains some support from a 
case (case 2) recently reported by Dow and 
associates'® and by a patient studied at the 
Mayo Clinic by Drs. Willius, Dry and Wood. 


In Dow’s case studies by cardiac catheteriza- 


tion revealed the pulmonary arterial pressure 
to be 33 mm. of mercury systolic and 14 di- 
astolic. In the outflow portion of the right ven- 
tricle the pressures were 33 mm. systolic and 1 
mm. diastolic, whereas in the main portion of 
the right ventricle the systolic pressure was 99 
mm. Hg and the diastolic 1 mm. These findings 
suggested to the authors that there was ste- 
nosis of the ostium infundibuli rather than in 
the infundibulum itself or in the pulmonary 
valve. 

Drs. Willius, Dry and Wood of the clinic 
studied in March, 1950, a patient 19 years old. 
Cardiac catheterization studies indicated that 
the malformation was like that in the case we 
have reported. In their patient, the systolic 
blood pressure in the right pulmonary artery 
and in the pulmonary trunk was 12 mm. of 
mercury and the diastolic pressure 3 mm. of 
mercury. In the outflow tract of the right ven- 
tricle, the pressure was 36 mm. systolic and 2 
mm. diastolic. In the inflow part of the right 
ventricle, a systolic pressure of 118 mm. was 
recorded and the diastolic pressure was 3 mm. 
The catheter passsed from the right ventricle 
into the aorta and into the innominate artery. 
In the latter vessel the systolic pressure was 
112 mm. of mercury and the diastolic, 83 mm. 
The blood in the right atrium was 77.7 per cent 
saturated with oxygen, that in the right ven- 
tricle 75 per cent saturated, and that in the in- 
nominate artery 92.5 per cent saturated. 

We interpret the circumstance of the infun- 
dibular stenosis in our case as follows: The ste- 
nosis of the outflow tract was of such proportion 
as to create sufficient resistance for the right 
ventricle to supply blood to the aorta but at the 
same time wide enough to allow an adequate 
flow of blood to the lungs without stress on the 
intrapulmonary arteries. The stenosing mem- 
brane seems to have been responsible for a 
balanced circulation and at the same time a 
protection of the smaller pulmonary arteries. 

The suggestion stimulated by the case pre- 
sented is that in the Eisenmenger complex the 
eventual appearance of detrimental intimal 
changes in the intrapulmonary arteries can pos- 
sibly be prevented and adequate pulmonary 
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»lood flow maintained by surgical creation of 
wn appropriate degree of stenosis of the right 
ventricular outflow tract or pulmonary trunk 
‘fig. 4). 

Such a procedure must be considered for the 
uture. Experimental attempts at creating sub- 
julmonary or pulmonary stenosis must first 
rove successful. Moreover, sufficient studies 
nust be made on patients with the Eisenmenger 
complex to indicate what degree of pulmonary 
stenosis would be ideal in protecting the pul- 
nonary vessels and at the same time in allow- 
ing adequate flow of blood to the lungs. 


Intr apulmonary a 


Normal 


t Pulmonary 
; * IDE NOlve 
Subpulmon ry 
stenosis 


Fic. 4. Representation of the structural changes in 
the Eisenmenger complex, a, and in the case reported, 
b. In the Eisenmenger complex the intrapulmonary 
arteries show thickening of the walls and narrow 
Jumina. In the case of stenosis of ostium infundibuli, 
b, the subpulmonary stenosis of the right ventricle 
seems to have spared the intrapulmonary arteries 
from organic changes. 


SUMMARY 

In the case of a 47 year old laborer with a 
normal pulmonary artery, ventricular septal 
defect, biventricular origin of the aorta and 
subpulmonary (infundibular) stenosis of the 
outflow tract of the right ventricle, the intra- 
pulmonary arteries and arterioles were normal. 

In the Eisenmenger complex the intrapul- 
nonary arteries are characterized by medial 
iypertrophy and, ultimately, intimal fibrosis. 
Che stenosing membrane in the right ventricu- 
ar outflow tract of the case presented herewith 
seems to have prevented the formation of or- 
zanic changes in the intrapulmonary arteries. 
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demodynamic Study of a Case of Anomalous 
Pulmonary Venous Drainage 


By W. Hwane, M.D., O. Prec, M.D., K. Kuramoro, M.D., 8. Secauyi, M.D. 
AND L. N. Karz, M.D. 


Complete drainage of the pulmonary veins into the right heart is one of the rarest and most severe 
congenital cardiac anomalies. The X-ray studies may suggest this diagnosis if pulmonary veins 
enter either coronary sinus or inferior vena cava. In the case reported, right heart catheterization 
and angiocardiography were used and the diagnosis of persisent left superior vena cava and par- 
tial direct drainage of the pulmonary veins into right auricle was made. 


NTIL RECENTLY our knowledge of 

anomalous drainage of pulmonary veins 

into the right heart has been drawn 
mainly from postmortem examinations. Among 
some hundred reported cases, complete drain- 
age of the pulmonary venous blood into the 
right auricle or its tributaries occurred in about 
35 per cent. Eight patients with such complete 
anomalous drainage lived for 6 months. Since 
it is imperative to differentiate this condition 
clinically from other types of cyanotic congen- 
ital heart disease which are amenable to exist- 
ing surgical treatment, additional information 
on the diagnosis of such anomalies during life 
is of practical importance as well as of academic 
interest. 

The following is a case of nearly complete 
pulmonary venous drainage into the left su- 
perior vena cava and right auricle diagnosed 
with the aid of right heart catheterization and 
angiocardiography. 


CasE REPORT 


A 31 month old white boy, known to have con- 
venital heart disease, was admitted for investigation 
‘n order to arrive at a more definitive diagnosis. 
‘he child had a normal birth. Shortly afterwards, 

heart murmur was noted. He was cyanotic from 
carly infancy, especially after excitement or exertion. 
“he eyanosis had been gradually increasing in in- 
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tensity. Squatting was frequent. In the three-month 
period prior to admission, the parents noticed that 
the boy’s physical activity had become markedly 
limited and cyanosis had increased. He had had 
chicken pox and bronchitis at the age of 18 months. 
There was no history of convulsive seizures. The 
family history was essentially negative. 

On admission he was found to be fairly well 
developed. Mentally he was quite alert, although 
he could only speak a few simple words. There was 
marked cyanosis of the lips and finger beds. No 
clubbing of the fingers or toes was present. The 
chest was not deformed. The lungs were clear. The 
heart was not enlarged to percussion; there was no 
precordial thrill. The second pulmonic was louder 
than the second aortic sound, although there was 
no accentuation of either. A harsh blowing systolie 
murmur was heard over the whole precordium with 
maximal intensity in the third intercostal space to 
the left of the sternum. Blood pressure was 118/80 
and equal in both arms. Pulse rate was 88 per minute. 
Abdominal organs were essentially normal to pal- 
pation. There was no evidence of congestive heart 
failure. 

Laboratory findings: The red blood cell count 
was 6.22 millfon per cu. mm. with 14.0 Gm. per 
cent of hemoglobin (calculated from oxygen capacity 
of blood). Urinalysis was normal. 

Fluoroscopically, the lungs were clear; there were 
no abnormal parenchymal markings. The silhouette 
of the heart and great vessels was notable only in 
that there was a prominent, well-defined bulge 
directly below the aortic knob in the posteroanterior 
view (fig. 1). In the partial left anterior oblique 
position, continuous with this prominence and ex- 
tending upward, was a paramediastinal shadow 
which was considered at that time to be a branch 
of the pulmonary artery. The hilar shadows were 
not remarkable. The pulsation of the pulmonary 
arteries were rather small. 

The electrocardiogram showed abnormally tall 
R waves in aVr and in leads over the right precor- 
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dium; the QRS configuration of aVr was analogous 
to that of the right precordial leads. These findings 


Fig. 1. Anteroposterior roentgenogram of chest 
showing an abnormal left upper paramediastinal 
shadow interpreted as persistent left superior vena 
cava. The catheter is in the right ventricle. 


TaBLe 1.—Results of Right Heart Catheterization 


| Oc Content 
| (Vol.%) 


Pressure 
(mm. Hg) 


Catheter Location 


Right ventricle........ 15.6* 108/5 
Right auricle rae 5.5t 9-1 
Anomalous Pulmonary Vein 7.1 12-5 
Superior vena cava 1.2 
Inferior vena cava 8.1 


Arterial oxygen content: 16.6 vol. % 
Arterial oxygen capacity: 18.5 vol. % 
Cardiac outputt: 
Systemic flow: 0.94 liters/min. 
Pulmonary flow: 5.3 liters/min. 
Distribution of pulmonary flow: 
To the right heart: 4.6 liters/min. 
To the left auricle: 0.7 liters/min. 
Interauricular right to left shunt: 0.24 liters /min. 


* Average of three blood samples from _ the 
chamber. 

+ Average of two blood samples from the chamber. 

t The oxygen consumption is assumed to be 80 
ec./min. as the patient was not sufficiently co- 


operative to give a consistent oxygen consumption 
test. 


were interpreted as right heart strain in an electri- 
cally vertical heart. 


Right heart catheterization was done under light 
anesthesia with rectal pentobarbital, and the data 
obtained are presented in table 1. During the pro- 
cedure, as the catheter was being manipulated in 
the right atrium, the tip projected beyond the right 
border of the heart shadow (fig. 2). Analysis of the 
oxygen content of a blood sample taken at this 
point, indicated that the catheter had entered a 
pulmonary vein which drained directly into the 
right atrium. The catheter was withdrawn from 
the anomalous vessel and introduced into the right 
ventricle, but attempts to insert the catheter in the 
pulmonary artery were finally abandoned because 
of the irritability of the heart, which led to frequent 
premature ventricular systoles. 

Analysis of the results showed: (1) Blood samples 
taken at two separate points in the superior vena 


Fig. 2. Anteroposterior roentgenogram of chest 
showing that the catheter has entered an anomalous 
pulmonary vein which drains directly into the right 
atrium. 


cava had a high oxygen content (11.2 volumes per 
cent) as compared to that in the inferior vena cava 
(8.1 volumes per cent). This indicated an admix- 
ture of oxygenated blood in the superior vena cava 
prior to its entrance into the right atrium. In view 
of this fact and the abnormal shadow at the left 
upper paramediastinal region in the chest film (fig. 
1), this strongly suggested the presence of a per- 
sistent left superior vena cava draining the left 
lung and eventually emptying into the right auricle 
via the right superior vena cava. 

(2) Direct drainage from at least one pulmonary 
vein from the right lung into the right atrium was 
demonstrated by the insertion of the catheter in 
the anomalous vessel. 

(3) The relatively small difference between the 
oxygen contents of the arterial blood and that of the 
right ventricle indicated that nearly all the pul 














monary drainage was into the right atrium. The 
oxygen contents indicate that about seven-eighths 
of the pulmonary venous blood drained into the 
right heart and one-eighth into the left auricle. 

(4) Pulmonary stenosis, though not directly dem- 
onstrated by an increased pressure gradient across 
the orifice, was inferred from the small pulmonary 
arterial pulsation despite the high right ventricular 
systolic pressure and the high pulmonary blood flow. 

(5) An interauricular septal defect was necessarily 
postulated as the path is essential for the mainte- 
nance of systemic flow. 

Angiocardiography was done to demonstrate the 
presence of an interauricular septal defect and any 
associated anomalies in the cardiovascular system. 
Thirty-five cubic centimeters of 70 per cent Diodrast 
was injected. Figure 3 shows clearly the inter- 





Fic. 3. Left anterior oblique roentgenogram of 
chest taken after intravenous injection of Diodrast. 
The interauricular communication is demonstrated 
by the streaming of dye from the right directly into 
the left atrium. 


auricular communication. The pulmonary arteries 
were found to be unusually wide and tortuous. No 
definite area of stenosis could be identified, partly 
due to an overlapping of several structures at the 
point where the stenosis should be expected. 


DISCUSSION 


The embryonic development of anomalous 
pulmonary veins has been adequately reviewed 
and discussed by MacManus," Brody’ and 
Brantigan.’ It is generally contended that anom- 
alous pulmonary veins causing partial shunt 
of blood into the right heart may not give rise 
to any symptoms or signs, and are compatible 
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with a normal life. Their presence occasionally 
give rise to grave consequence when the con- 
tralateral lung with normal drainage is thera- 
peutically obliterated (thoracoplasty, lobec- 
tomy, pneumonectomy) for some underlying 
pulmonary disease. It is conceivable that some 
of the immediate accidents following pneumo- 
thorax or other collapse therapy may be due 
to such anomalous drainage of the lung. On 
the other hand, the prognosis is very grave?-!4 
when more than 50 per cent of the pulmonary 
blood is shunted back to the right side of the 
heart. When the drainage of the lungs into the 
right atrium is complete, with few exceptions, 
patients die early, either because of insuffi- 
cient systemic supply or right ventricular fail- 
ure. The hemodynamics involved in this anom- 
aly merit further comment. 

When all the pulmonary venous blood is 
returned to the right atrium, the only pathways 
through which the systemic circulation can be 
supplied would be one or more intracardiac 
shunts. In Brody’s analysis of 105 autopsies 
with anomalous drainage of the lung to the 
right heart, 38 cases had total aberrant drain- 
age. Aside from 5 cases of cor biloculare, which 
do not strictly belong to this group, a patent 
foramen ovale, when this defect was looked for, 
was found in all cases. Only 4 had an inter- 
ventricular septal defect, and 10 had a patent 
ductus arteriosus. Obviously, by far the most 
important shunt in this condition is the inter- 
auricular septal defect. When interauricular 
septal defects exist alone or in association with 
other congenital heart defects the direction of 
the shunt is almost always from left to 
right.1.7-016 This has been explained on the 
basis of the relative positions of the auricles!® 
and the greater distensibility of the right auri- 
cle.!2 In cases of complete or nearly complete 
drainage of the pulmonary blood into the right 
atrium, on the contrary, the return flow to the 
right auricle is so much greater than that to the 
left side (7 times greater in the present case) 
that the pressure gradient between the auricles 
is reduced and the shunt becomes right to left. 
Furthermore the pulmonary stenosis that is 
considered to have been demonstrated in this 
case elevated the end diastolic pressure in the 
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right ventricle. This further facilitated the 
shunting of blood from right to left. 

The prognosis of this patient is, of course, 
very grave. Brody’s analysis showed that in 
spite of its vital role the foramen ovale grad- 
ually closed in all cases. Moreover the strain 
on the right heart, produced both by the high 
volume flow and the pulmonary stenosis, must 
be great. The increased cyanosis in the past 
3 months and the abnormally low (about 8.0 
volumes per cent) systemic venous oxygen con- 
tent indicates that either the interauricular 
communication is closing or physical activity 
has increased out of proportion to that which 
can be maintained by the amount of blood 
coming from the lung and that passing through 
the interauricular septal defect. The electro- 
cardiogram, as presented above, confirmed the 
presence of right ventricular strain. A downhill 
course leading to early death seems inevitable, 
if no drastic procedure is done to correct the 
anomaly. Brantigan mentioned? the possibility 
of a surgical anastomosis between the anom- 
alous pulmonary vein and the left auricle in 
such cases. The production of such an anatomic 
correction indeed seems worth attempting as 
it may offer the only hope for these patients. 
If the anatomic structure does not lend itself 
to this type of correction, enlargement of the 
interauricular septal defect may increase the 
amount of systemic blood supply resulting in 
a physiologic correction. 

A definite diagnosis of complete or partial 
drainage of pulmonary veins into the right 
heart during life was made possible only after 
the utilization of right heart catheterization 
and angiocardiography. To date 10 cases have 
been reported in which the diagnosis was made 
with one or both of these technics. Dotter and 
his associates reported two cases of partial 
drainage of the pulmonary veins into the in- 


ferior vena cava’; both were diagnosed with the © 


aid of angiocardiography and one was con- 
firmed by right heart catheterization. Grish- 
man and associates’ recently reported three 
similar cases diagnosed by chest x-ray and 
angiocardiography. Both groups of authors em- 
phasized the diagnostic significance of the later- 
ally convex falciform shadow in the ordinary 


posteroanterior chest film. In fact, the studies 
of all 5 reported cases were initiated because of 
the presence of such abnormal shadows in the 
lower lung fields. Bruce and his associates* 
made the diagnosis in their two cases by direct 
catheterization of the anomalous veins. One of 
their diagnoses was later confirmed by operation 
and autopsy. Johnson and McRae! demon- 
strated by catheterization what was probably 
an anomalous right pulmonary vein, although 
the possibility of the catheter having entered 
a hemangioma could not be completely ruled 
out. Cournand’s® and Chapman’s® series of 
catheterized cases both included one case each 
of such anomalous pulmonary vein. 

Grishman and co-workers remarked that vas- 
cular structures have to be of a certain size 
and density before becoming roentgenologically 
demonstrable. In the case presented, the anom- 
alous vessels were not demonstrated either in 
the ordinary x-ray films or by angiocardicgra- 
phy. But even when the latter method is suc- 
cessful in demonstrating one or more such ves- 
sels, the information is inadequate. Right heart 
catheterization, we believe, is essential in such 
cases. Beside confirming the diagnosis, a com- 
parison of oxygen contents of blood from the 
great vessels, chambers of the heart and peri- 
pheral artery help to quantitate the amount of 
anomalous drainage. This approximate quanti- 
tation, as demonstrated in our case, is obviously 
more important in determining the prognosis 
and management of the patient than the mere 
demonstration of the presence of such an anom- 
aly. 


SUMMARY 


1. A case of nearly complete anomalous drain- 
age of pulmonary veins into the right atrium 
and persistent left superior vena cava with 
associated interauricular septal defect and pul- 
monary stenosis diagnosed by right heart cathe- 
terization and angiocardiography is reported. 

2. The hemodynamics in this anomaly, the 
prognosis and possible management of this pa- 
tient are discussed. 

3. The relative merits of catheterization and 
angiocardiography as diagnostic procedures for 
this condition are presented. 
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Survival to the Age of Seventy-Five Years 
with Congenital Pulmonary Stenosis 


and Patent Foramen Ovale 
By Paut D. Wuitr, M.D., Joan W. Hurst, M.D., ano Roserr I. Penne, M.D. 


It is very rare for a person with cyanosis and finger clubbing due to congenital heart disease to 
reach old age. Survival beyond the age of 50 has been noted only a few times and, as far as we 
are aware, survival of a person with morbus caeruleus beyond 70 years is unique. The patient re- 
ported below showed at autopsy marked pulmonary stenosis and patency of the atrial septum 
simulating the tetralogy of Fallot. One of the reasons for the long survival was undoubtedly a 
markedly developed collateral bronchial circulation. 


sis with patency of the foramen ovale 
is a distinct entity though readily con- 
fused clinically with the tetralogy of Fallot. 
The oldest previously recorded case proved 
at autopsy was 57 years old.® It is therefore 
of particular interest to report herewith the 
case of a woman with this congenital anomaly 
who not only survived to the age of 75 years 
but who also lived a useful and comfortable 
life despite considerable cyanosis until death 
from cardiac and cerebral vascular failure. 
Pulmonary stenosis with patency of the for- 
amen ovale was one of the first congenital 
anomalies to be recognized. Morgagni described 
a girl aged 16 years with this condition in 1761. 
Six more cases were reported during the next 
100 years.?-* We have recorded chronologically 
in the bibliography** 31 more instances since 
Wilk’s paper® of 1859. Bertin and Breschet’s 
case, quoted by Gintrac® and Lallemand,* the 
oldest previously recorded, has been referred 
to several times as though it were new each 
time. Among 37 of this group of 38 cases the 
ratio as to sexes was 16 males to 21 females 
and the ages at death were in the first decade 
in 9 cases, in the second in 16, in the third in 
8, in the fourth in 2, in the fifth in 1, and in the 
sixth in 1. Our case died in the eighth decade. 
We would like to emphasize that pure pul- 
monary stenosis, pulmonary stenosis with pat- 
ency of the foramen ovale, and pulmonary 
stenosis with ventricular septal defect and dex- 
troposition of the aorta (tetralogy of Fallot) 


Ts SYNDROME of pulmonary steno- 





From the Massachusetts General Hospital, Boston, 
Mass. 


are three distinct clinical entities with different 
clinical and laboratory findings. In addition, 
the prognosis is not the same for all three and 
the surgical approach in the three conditions 
also differs. It is, therefore, important to differ- 
entiate and to report all three syndromes as 
separate conditions and no longer to group 
them under general “pulmonary stenosis.” 
The clinical features of this syndrome have 
recently been reviewed by Selzer and his asso- 
ciates*®: Cyanosis, clubbing of the fingers, poly- 
cythemia, loud systolic murmur at the pul- 
monary area, right ventricular hypertrophy, 
prominent P wavesin the electrocardiogram, 
enlarged x-ray shadow of the pulmonary 
artery with moderate-sized hilar shadow. These 
findings differ from the tetralogy of Fallot 
with respect in particular to the x-ray evi- 
dence; the typical x-ray heart and vascular 
shadow in the tetralogy of Fallot shows a 
small pulmonary artery and small hilus shadows. 
It differs from pulmonary stenosis with closed 
septa with respect to the clinical findings of 
cyanosis, clubbing, and polycythemia, which 
are absent in the latter except for terminal 
cyanosis when heart failure develops. 


CasE REPORT 


M. T. M., born May 29, 1874, was first examined 
by one of us (P. D. W.) on April 24, 1922. At that 
time (at the age of 48) she gave the following history. 

Heart disease had been known since early chil- 
hood but the patient did not think that she had 
been blue at birth. Cyanosis gradually develope 1 
in her early youth and was present in considerab'e 
degree later. Shortness of breath was an early 
symptom and limited her activity in playing wit 
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other children. Her heavy breathing always revealed 
her hiding place to the others in their game of hide 
and seek. This shortness of breath on effort con- 
tinued to be a constant symptom throughout her 
life. She had recently had her teeth extracted, two 
at a time, without complications. 

Her general health had always been rather frail, 
and she had had pneumonia at the age of 18, typhoid 
fever at 19, severe “jaundice” at 21, and influenza 
at 33. The last named illness was followed by marked 
“nervous exhaustion.” At that time, 1907, because 
of fear of heart failure she was digitalized for the 
first time and had continued to take digitalis ever 
since. There had been no chest pain, hemoptysis, or 
ankle edema. 

She had worked steadily for many years as a 
librarian and secretary. For six years (1912-1918) 
she had assisted in the record room at the Peter 
Bent Brigham Hospital. While there she was at 
one time examined by Dr. Maude Abbott who diag- 
nosed deviation of the aorta and possible pulmonary 
stenosis. 

Family history revealed that she was an only 
child. Her father died at the age of 75. Her mother 
was 76 years old at this time (in 1922) and in good 
health; she lived to be 88 years old. 

Physical examination showed a rather, short, 
otherwise well developed and nourished middle-aged 
woman of 48, alert, breathing normally with moder- 
ate cyanosis of the face, lips, tongue, and finger tips. 
There was doubtful clubbing of the fingers. The 
pulse was regular at 80. The blood pressure was 
110/85. There was no precordial thrill palpable. 
The cardiac apex impulse was faint in the fifth 
intercostal space, 0.5 em. outside the left midcla- 
vicular line. The first sound was fairly loud at the 
apex, but the second sound was diminished through- 
out. There was a loud blowing systolic murmur 
heard all over the precordium, loudest in the second 
left intercostal space near the sternum. There were 
no diastolic murmurs. The lungs, abdomen and the 
remainder of the physical examination were nega- 
tive. There was no edema of the extremities. 

For the electrocardiogram see figure 1A. 

A diagnosis was made of congenital pulmonary 
stenosis without heart failure. Since there was no 
evidence of congestive failure, digitalis was discon- 
inued. 

The next examination was on September 26, 1931. 
she had been quite well during the intervening nine 
ind one-half years, still working as a librarian and 
ecretary, and although she was bothered by short- 
1ess of breath and occasional palpitation, her health 
vas fairly good. 

Physical examination revealed that the heart 
iad increased slightly in size. The murmur in the 
julmonary area was of about grade 4 intensity and 
on this examination, a slight systolic thrill could 
e felt in the pulmonary area. The cyanosis of the 
face and finger tips was still evident and on this 


examination slight clubbing of the fingers was defi- 
nitely noted. 

Laboratory Data (Sept. 26, 1931): The red blood 
count was 6,750,000. The hemoglobin was 90 per 
cent (Sahli). The white blood count was 7,850. 

Fluoroscopic examination showed slight to moder- 
ate cardiac enlargement. The transverse diameter 
of the heart was 13.4 cm. and the internal diameter 
of the chest was 22.1 cm. The distance across the 
great vessels at the base of the heart was 6.5 cm. 
The hilar vascular shadows were well seen. 


mT 
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Fig. 1. A. 4/24/22. Electrocardiogram showing a 
rate of 80, marked right axis deviation, prominent P 
waves, and inverted T, and T3. B. 9/26/31. Electro- 
cardiogram showing a rate of 75, marked right axis 
deviation, diphasic T, and inverted T;. The voltag 
is less than on 4/24/22. ; 


For the electrocardiogram see figure 1B. 

In 1931 an adult cyanotic patient with the findings 
as listed above was considered to have the tetralogy 
of Fallot, and therefore this diagnosis was made on 
this examination. 

She continued to be fairly well from 1931 until 
1949. The physical examination changed very little 
except that the cyanosis and finger clubbing in- 
creased gradually through the years. 

On March 19, 1949, she was seen by Dr. Charles 
Walcott of Cambridge, Massachusetts, because of 
her complaints of increasing dyspnea and edema of 
the legs. Right heart failure was diagnosed and 
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digitalis, low-sodium diet, and rest were prescribed. 
After a few days she improved. 

From April 3, 1949, until May 7, 1949, she had 
several episodes of dyspnea and syncope. During 
this period the pulmonic systolic murmur decreased 
greatly in intensity. 

On May 6, 1949, she had a paroxysm of auricular 
fibrillation with a ventricular rate of 96 for which 
0.2 Gm. of quinidine sulfate were given. The par- 
oxysm stopped within 20 minutes. The syncopal 
attacks continued until she died suddenly at 12 noon 
on May 7, 1949. The cause of death was considered 
to be heart failure associated with cerebral ischemia 
and possibly cardiac arrhythmia. 

Autopsy. The autopsy was performed eight hours 
after death by one of us (R. H. F.). 


Fic. 2. A view of the greatly stenosed pulmonary 
orifice looking down from above. 


The body was that of an elderly woman measur- 
ing 150 em. in length and weighing an estimated 
130 pounds. The entire body was cyanotic with 
marked lividity of the dependent portions. There 
was minimal clubbing of the fingers. Slight pitting 
edema of the ankles was present. 

The pericardium contained a few cubic centi- 


meters of amber fluid. The heart weighed 390 grams. . 


The right ventricle was almost as large as the left. 
The right atrium was three times normal size and 
its wall varied from 2 to 3 mm. in thickness. The 
left atrium did not appear enlarged. The foramen 
ovale was patent, the defect measuring 1.2 cm. in 
greatest diameter. The guard on the left side covered 
approximately one-third of the defect. At the edges 
of the opening the endocardium was thickened and 
gray. On the left side a fibrous cord 1 mm. in diame- 
ter extended across the foramen anteroposteriorly 
and was attached near the edges. The right ventric- 


ular wall averaged 12 mm. in thickness, but varied 
from 18 mm. in the conus to 5 mm. near the apex. 
The columnae carneae were prominent. The myo- 
sardium of the left ventricle was 18 mm. thick 
near the base but tapered to 10 mm. at the apex. 
The distance from the atrioventricular valve ring 
to the apex of the chamber was 5 cm. on the right 
and 6.5 em. on the left. The myocardium was red 
and firm except in the anterior wall of the right 
ventricle where the wall was thinned and there were 
prominent gray strands of tissue, especially con- 
spicuous beneath the endocardium. The endocar- 
dium of the right ventricle was gray and opaque 
and this became very marked near the pulmonic 
ring. 

The infundibulum of the right ventricle narrowed 
gradually as it approached the pulmonic ring. The 
narrowing was accentuated by the markedly hyper- 
trophied columnae carneae and just proximal to the 
pulmonic ring for a distance of 5 mm. the maximum 
diameter of the infundibulum was 8 mm. A true 
subpulmonic stenosis was thus manifest. The pul- 
monic ring was 10 mm. in diameter and the artery 
just distal to the ring was 20 mm. in diameter. 
Jutting into the lumen of the base of the pulmonary 
artery was the markedly stenotic pulmonary valve 
which was a dome-shaped structure and measured 
20 mm. in length. At the apex of this structure was 
the valve orifice which was 3 mm. in diameter 
(fig. 2). About the rim of the opening were adherent, 
tiny, grayish-pink vegetations. The valvular struc- 
ture was tough, fibrous, uniformly smooth, and 1 
mm. thick throughout. There were 3 attachments 
of this structure to the wall of the pulmonary artery 
equidistantly placed around the circumference of 
the artery, and these were interpreted as probably 
representing valve commissures (fig. 2). The right 
posterior attachment extended to within 4 mm. of 
the opening, the other two to within 8 mm. Between 
these attachments were recesses extending down to 
the valve ring between the wall of the artery and 
the dome-shaped projection. 

The chordae tendineae of the tricuspid valve 
were slightly thickened. Near the middle of the 
anterior cusp was an area of calcification 3 mm. in 
diameter which protruded on the atrial surface. 
The tricuspid valve ring was 9.5 em. in circum- 
ference, the mitral 8.5 em., and the aortic 7.5 em. 
The latter two valves were normal in appearance. 

There was minimal atherosclerosis of the coronary 
arteries but no evidence of an old or recanalized 
thrombus was seen. 

The aorta was normal in size and position and 
showed moderate atherosclerosis. The pulmonary 
artery was 2 cm. in diameter just above the pul- 
monic valve ring but dilated gradually so that the 
primary trunk at the bifurcation was 5 em. in diam 
eter. The dilatation ended abruptly at the bifurca 
tion. 

The lungs were well aerated and the pleural 
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s.rface was a variegated blue-red. There were nu- 
,erous fibrous adhesions to the chest wall. The 
ichea contained a profuse amount of pink, frothy 
iid. The bronchial arteries were injected in situ 
. the aorta after ligation of its main branches. 


\ colored radiopaque plastic solution in acetone was 
* 
ed. 


after each injection and the lungs were finally di- 
gested in hydrochloric acid. The bronchial arteries 
arose from the aorta, both at the arch and from the 
descending aorta and anastomosed around the hilar 
region to form a network of vessels which proceeded 
out to the lung parenchyma, most of them in direct 
relationship to the bronchi. Some of these vessels 


Fig. 3. Photograph of injection of pulmonary arteries and entire bronchial tree. Posterior view 
of digested cast. Note large number of bronchial arteries entering right lung from descending aorta. 
Also note the huge pulmonary artery to the left of th» aorta exposed by clearing away some of the 


lung and vessels overlying it. 


Later the pulmonary arteries and entire bronchial 
ee were injected (fig. 3). X-ray films were taken 


* The authors wish to express their gratitude to 
rs. B. H. Landing and James T. Weston of the 
‘hildrens Hospital, Boston, for the injection and 
Xamination of the lungs. 


measured 6 to 8 mm. in diameter. As they coursed 
along the bronchi, anastomoses with the pulmonary 
artery were seen in at least 7 places. The continuity 
of the two circulations was definitely established 
by the mixing of the two colored injected masses. 
A bronchial artery 3 mm. in diameter arose from 
the plexus of esophageal and bronchial vessels and 
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passed directly into the pulmonary artery bulb 
posteriorly. In several areas bronchial vessels left 
the bronchi to course into lung parenchyma and 
form a small bulb or plexus of vessels far out in the 
periphery with no precapillary anastomoses to pul- 
monary vessels. Small branches of the pulmonary 
artery continued outside of the lung in the adhesions. 
In the lower portions of the lung there was a definite, 
somewhat generalized tubular dilatation of the 
smaller bronchi and bronchioles. 

The liver weighed 850 Gm. and the surface was 
ragged with fibrous tags. It showed increased re- 
sistance but the architecture was normal. The gas- 
trointestinal tract, spleen, pancreas, adrenals and 
kidneys were not unusual. The left wall of the 
uterus was partially replaced by soft, reddish-gray, 
granular tissue but the cervix was not involved. 
The tubes and ovaries were normal. 

Microscopically the myocardium of the right ven- 
tricle was extensively replaced by fibrous tissue, the 
inner half of the wall being most severely damaged. 
In the thinned area on the anterior wall only 
scattered muscle fibers remained and the wall con- 
sisted almost entirely of dense scar tissue. The 
muscle fibers that remained varied in size and shape 
and on cross section the nuclei were bizarre in shape. 
The vessel walls were thickened, some eccentrically, 
and primarily by intimal proliferation. Medial thick- 
ening and scarring and reduplication of the internal 
elastic lamina were evident in the arteries. The 
endocardium was thick throughout the right ventri- 
cle but this was especially marked along the anterior 
wall and about the apex where there were thrombi 
of varying ages in the crevices between the columnae 
carneae. The older ones were almost completely 
organized and consisted of loose connective tissue, 
and recanalization about the columnae had taken 
place. In the left ventricle the changes were 
minimal. Only a few patches of fibrous tissue were 
seen in the myocardium. 

The pulmonic valve was also examined microscop- 
ically. It was thickened and consisted of dense 
collagen with areas of myxomatous degeneration. 
The vegetations consisted of hyalinized connective 
tissue with adherent clumps of fibrin. No bacteria 
were seen. Small calcium deposits were in the valve 
near the tip. The tricuspid valve also contained 
myxomatous areas and was thickened. 


The lungs showed the large alveoli and the club-- 


shaped ends of ruptured septa characteristic of 
emphysema. Several areas of fatty replacement sug- 
gested healed focal pneumonitis. There were no 
significant changes in the vessels. 

The liver was normal except for increased num- 
bers of round cells in the portal areas. There was 
no evidence of chronic passive congestion. The 
kidneys showed mild nephrosclerotic changes. The 
wall of the uterus was invaded by a well-differ- 
entiated adenocarcinoma. 


Discussion 


The record for longevity established by this 
case was extraordinary in view of the very 
high degree of valvular and infundibular pul- 
monary stenosis associated with a patent fora- 
men ovale. Familial longevity was in her favor, 
as was the fact that she lived a careful life and 
was never under very severe strain. Also the 
evolution of her signs suggested that her pul- 
monary stenosis may have slowly increased 
in degree in the course of years. Finally, the 
compensation received through the bronchial 
circulation, as found by the injection of the 
blood vessels of the lungs, was undoubtedly 
an important factor in her survival. 

It is of great interest that she was alert and 
mentally keen through practically all her life. 
She was an unusually bright and witty person 
and even within a few months of her death 
still showed her mental acuity in conversation. 
Thus, despite such a handicap, she made her- 
self a useful citizen as well as a long-lived one, 
much as had Henry Gilbert, described by White 
and Sprague in 1929* who, with the tetralogy 
of Fallot, survived to the age of 59 years and 
8 months. 

Finally, it is noteworthy that she had no 
actual heart failure until a few months before 
her death and that her cerebral circulation 
was maintained satisfactorily until a few weeks 
before she died when she began-to have synco- 
pal attacks. 


SUMMARY 


We have reported herein the case of a woman 
with congenital pulmonary stenosis with a pat- 
ent foramen ovale who survived to the age 
of 75 and who lived a useful life, death finally 
occurring a few months after the beginning of 
failure of the right ventricle associated with 
insufficiency of the cerebral circulation. The 
oldest case proved at autopsy previously re- 
corded died at the age of 57. 


APPENDIX 


Of 8 cases of pulmonary stenosis recently 
reported by Allanby and Campbell,*‘ 7 of which 
were autopsied, 4 showed patency of the fora- 
men ovale in addition. The oldest case was a 
woman aged 29 at death. 
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Pulmonary Artery Aneurysms 


Report of a Case Treated by Surgical Intervention 


By Brian Buapes, M.D., WituiAmM Forp, M.D., Ano Patrick CLARK, M.D. 


The successful surgical treatment of an aneurysm of the left main pulmonary artery is reported. It 
appears that, after ligation of the main pulmonary artery, it is desirable not to remove the lung but 
preserve it as a space occupying organ which will retain some function. Literature on the subject 


of pulmonary aneurysms is reviewed. 


relatively rare lesions. One hundred and 
fifty-two cases have been found in world 
literature. The purpose of this communication 
is to review briefly available information on 
the subject and to report a case in which 
successful surgical treatment has been achieved. 

Boyd and McGavack,' in 1939, reported 111 
cases of pulmonary aneurysm proved at ne- 
cropsy. In 1947, Deterling and Clagett? added 
36 cases in their excellent paper on this subject. 
Five more authenticated cases reported since 
1947 may be added to the list. In 1946, Thomp- 
son and Gerstl* recorded a case which was not 
included in the bibliography of Deterling and 
Clagett. Since 1947, Dotter and Steinberg‘ have 
reported two cases and Lillian® has had one 
case. Available evidence indicates that one an- 
eurysm of the pulmonary artery may be found 
in approximately 14,000 necropsies. 

Jules,® Breslin? and others have described 
the symptoms of pulmonary aneurysm which 
include dyspnea, cough and hemoptysis. These 
manifestations of the disease may occur early. 
Chest pain, cyanosis, edema, ascites and club- 
bing of the fingers are late manifestations. 
Tachycardia is sometimes evident with associ- 
ated polycythemia. Roentgenograms of the 
chest often reveal a well delineated hilar shadow 
and hypertrophy of the right heart may be 
found. Pezzi’s sign of hilar dance caused by 
tr nsmission of an expansile pulsation may be 
ol\served. The lesion can usually be delineated 
b: angiocardiography. 


| ULMONARY ARTERY aneurysms are 


rom the Department of Surgery, The George 
Washington University School of Medicine, Washing- 
toa, D. C. . 


Aneurysms of the pulmonary artery occur in 
a younger age group than aortic aneurysms. 
The sex incidence is about equal. Aneurysms 
of the left pulmonary artery are more common 
than those on the right. 

The etiology of pulmonary artery aneurysms 
is not understood, but it might be safe to 
assume that conditions which raise the pulmo- 
nary arterial pressure may cause dilatation of 
the vessels. Important contributory effects, 
therefore, might result from a patent ductus 
arteriosus, mitral stenosis, interauricular septal 
defects and other congenital anomalies. Deter- 
ling and Clagett? concluded that pulmonary 
aneurysms have a congenital origin in about 47 
per cent of the cases they studied. Boyd and 
McGavack! were of the same opinion. 

Miscellaneous etiologic factors which have 
been considered include syphilis, arterioscle- 
rosis, trauma, subacute bacterial endocarditis, 
tuberculosis and atheroma. Earlier writers on 
the subject believed that syphilis was a prob- 
able etiologic factor in about one-third of the 
cases. This cogclusion might be questioned. 

It is important to note that about one-third 
of the cases of pulmonary aneurysm die from’ 
sudden rupture of the lesion. It is apparent, 
therefore, that this condition deserves prompt 
and adequate surgical treatment if possible. 
A notable exception is a patient described by 
Mason® in 1938, who has been observed for 
17 years and has suffered no ill effects from 
the lesion. 


CasEe History 


A 59-year old white man, a welder by trade, was 
admitted to the George Washington University 
Hospital on Sept. 27, 1949. His only complaint was 
that seven weeks before admission he coughed and 
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blood was apparent, but never in great amounts. 
There were no complaints of chest pain, dyspnea, 
fatigue or anorexia. 

The past history revealed that the patient had had 
typhoid fever at the age of 10, which was compli- 
cated by pneumonia. He also had been troubled with 
attacks of acute sinusitis in the past. The family 
history was significant in that one brother had had 
pulmonary tuberculosis. 


Fic. 1. Frontal projection demonstrating a 


extending upward. 


The patient was a well developed, well nourished 
white man. Temperature, pulse and _ respiratory 
rates were normal. The blood pressure was 150/90. 
The anteroposterior depth of the chest wall was 
increased. Breath sounds were somewhat distant 
and there was some question of early emphysema. 

Examinations of the blood and urine were within 
normal limits and repeated serologic tests for syphilis 
were negative. 

Roentgen examination of the chest on Sept. 28, 
1949, revealed a prominent shadow at the level of 


the left hilum with the density extending somewhat 
upward. The diaphragms were flat and the roentgen 
appearance of the chest suggested early emphysema 
(figs. 1 and 2). Visualization of the tracheobronchial 
tree with lipiodol was not helpful. 

Examination through the bronchoscope revealed 
a normal tracheobronchial tree. Bronchial washings 
were negative for acid fast bacilli but, on one ce- 
casion, the Papanicolaou test revealed cells which 


prominent left hilar shadow with density 


were considered suspicious of tumor. All other washk- 
ings were negative. An electrocardiogram demon- 
strated slight right ventricular strain. 

Immediately after these examinations the patient 
stopped coughing up blood-streaked sputum and 
returned to his home. Hemoptysis recurred, how- 
ever, the following month and again in February of 
1950 when he had a severe attack of hemoptysi: 
and it is estimated that he coughed up about 20’) 
ec. of blood. During the same period he develope! 
dyspnea on exertion. 
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Fig. 2. Lateral view showing the midthoracic lesion. 


Roentgen examination of the chest at that time 
revealed enlargement of the shadow at the left 
hilum. Examinations with the bronchoscope were 
again negative, but a suspicious Papanicolaou stain 
was obtained. 

During this period of study, the possibility of an 
aneurysm of the left pulmonary artery was consid- 
ered because of the odd configuration of the shadow. 
It must be admitted, however, that this possibility 
was dismissed in favor of the diagnosis of bronchio- 
genic carcinoma and angiocardiography was not 
done. 

Preoperative studies of the blood, urine and pro- 
t-ins were normal. The bleeding, clotting and pro- 
t 1rombin times were normal. The vital capacity was 
72 per cent of the expected measurement and another 
e.ectrocardiogram revealed evidence of right ven- 
tricular strain. 

Operation: The left chest was entered through a 
| osterolateral incision at the level of the fifth rib. 


Trachea 
Bronchial Tree 


Pulmonary 
Veins 


Fic. 3. Drawing of posterior-anterior view showing 
relative size, shape and position of aneurysm. 
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After the lung was exposed, a few lymph nodes could 
be seen and palpated at the level of the hilum but no 
mass was palpable in the lung itself. Anterior 
displacement of the lung revealed an aneurysm of 
the left pulmonary artery (fig. 3). The lesion was 
elliptical in shape and measured approximately 7 
em. in length and was about 5 em. in depth at its 
center. The origin of the sac was about 2 em. from 
the main trunk of the left pulmonary artery and 
extended well below the artery to the dorsal division 


The lung was not removed. The reasons for leay- 
ing the organ after ligation of the left pulmonary 
artery will be discussed later. 

On the first day after operation the patient’s 
temperature was 40 C. and remained at rather hig) 
levels for four days and finally fell to normal on the 
eleventh day after the operation. During this perio 
there was no evidence of a wound infection, infec - 
tion of the urine or ether sources of temperatur> 
elevation outside of the chest itself. The pulse rat» 


ra 


Fic. 4. Frontal projection taken one week after operation demonstrating generalized density 
in the left chest. 


of the lower lobe ending at the level of the artery to 
the basal division. 

Since the origin of the aneurysm was at the level 
of the upper lobe arteries, it became apparent that 
these vessels could not be saved. Accordingly, the 
left pulmonary artery was ligated and divided prox- 
imal to the aneurysm and each branch of the artery 
arising from the aneurysm was ligated. The lesion 
was tightly adherent to the left lower lobe bronchus 
and it appeared that erosion had occurred at this 
level. Since the aneurysm was completely excluded 
from the pulmonary circulation, the sac was not 
removed. 


was also elevated and varied from 130 to 140 for 
three days. On the tenth postoperative day the 
pulse rate had stabilized at 90. Early examination: 
with the electrocardiogram revealed the right ven 
tricular strain, which had been evident before the 
operation, and sinus tachycardia. Roentgenograms 
of the chest taken at daily intervals demonstrated 
a gradually increasing density over the entire left 
lung field. After a week the density in the apex o 
the lung began to clear (figs. 4 and 5). 

Before operation the volume of packed red cell: 
was 48 mm. but by March 6, ten days after surgica 
intervention, the packed red cells had fallen to 3: 
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mm. in spite of transfusions of 1000 cc. of whole 
biood. It seems unlikely that this sharp reduction 
resulted from the deterioration of transfused red 
clls. The leukocyte count was 12,850 on the first 
p stoperative day and quickly fell to normal limits. 
Repeated attempts at thoracentesis secured only 
siiall amounts of blood-stained fluid which was 
sterile. It seemed apparent, therefore, that the 
h.ziness over the left chest was not entirely the 
rv sult of accumulated pleural fluid. 


Fic. 5. Frontal projection taken two weeks 
left: apex. 


The patient left the hospital on the eleventh post- 
operative day and has been seen at frequent inter- 
vils as an out patient. Three weeks after the opera- 
tion a roentgenogram of the chest showed significant 
clearing of the opacity which was noted from the 
time of operation. On this same date an electro- 
eirdiogram was obtained and did not show right 
ventricular strain. The patient’s temperature was 
normal and he had a full and regular pulse in the 
neighborhood of 96 per minute. His appetite was 
g00d. His only complaint was slight dyspnea on 


exertion. Four weeks after the operation the patient: 
had begun to gain weight, was afebrile, and his 
only complaint continued to be slight dyspnea after 
exercise. 


COMMENT 


A decision was made in our case not to 
remove the lung after ligation of the artery. 
The patient appeared to have moderate em- 


after operation demonstrating clearing in 


physema and the presence of a space occupying 
organ on the left side might prevent serious 
overdistension of the right lung at a later date. 
Moreover, no evidence indicated the necessity 
of pneumonectomy after division of a main 
pulmonary artery. 

Wilms and Sauerbruch® demonstrated that 
the ligation of the pulmonary artery in rabbits 
and dogs did not cause death; and Rienhoff!® 
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has employed pulmonary artery ligation as a 
preliminary to total pneumonectomy in poor 
risk patients. 

Janton, Redondo and Scott!! have studied a 
patient in whom accidental ligation of the left 
pulmonary artery was done. They found that 
carbon dioxide and oxygen values were 3.74 
per cent and 19.14 per cent, respectively, as 
compared to 1.65 per cent and 10.15 per cent 
for the other side. The observations of Roche 
and his co-workers” in a similar case in which 
the left pulmonary artery had been ligated to 
control hemorrhage during the performance of 
an operation on a patent ductus, were in gen- 
eral agreement with those of Janton and his 
co-workers. They also found that the right 
pulmonary artery and right heart chambers 
had normal pressures when determined by car- 
diac catheterization. 

Bloomer and Harrison," in experiments on 
animals, concluded that gas exchange after 
pulmonary artery ligation is the result of blood 
flow in anastomoses between the pulmonary 
artery and the pulmonary capillary bed. They 
employed bronchospirometry, blood oxygen de- 
terminations and cardiac output studies in their 
experiment. 


CONCLUSION 


Since accumulated evidence indicates that 
approximately one-third of the patients with 
aneurysms of the pulmonary artery die of sud- 
den severe hemoptysis from rupture of the 
aneurysm, it becomes apparent that these le- 


sions'should be treated by surgical intervention 
whenever a positive or tentative diagnosis has 
been made. 

Experimental evidence and recent experience 
in the treatment of a case of pulmonary artery 


aneurysm indicates that it is not necessary to 
remove the lung after ligation of the main 
pulmonary artery and, moreover, it is probably 
desirable to leave the organ in the body as 
living, space filling tissue which retains some 
of its function. 
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Electrokymographic Studies of the Left 


Atrium in Normal and Diseased Hearts 


By J. B. McKinnon, M.D. 


, AND BEN FRIEDMAN, M.D. 


Electrokymographic tracings of left auricular pulsations in normal and diseased states are described. 
A characteristic abnormality observed in persons with organic mitral valve insufficiency is believed 
to be graphic evidence of regurgitation of blood from ventricle into atrium. Electrokymographic 
evidence of regurgitation was found in persons with mitral stenosis without an audible systolic 
murmur but instances of mitral stenosis without insufficiency were recorded. Patients with Austin 
Flint murmurs and individuals with murmurs mimicking mitral insufficiency showed uniformly 


normal atrial pulsations. 


HE ELECTROKYMOGRAPH is an in- 
strument which makes continuous re- 
cordings of pulsations observed under 
the fluoroscope. The mechanical aspects of this 
device and its clinical application have been the 
subjects of recent reviews.'—> Interpretation of 
the records is frequently difficult due to vigor- 
ous positional movements of the heart which 
obscure the actual volume changes. This diffi- 
culty is especially prominent in the movements 
of the right atrium and the ventricles. The left 
atrium is so situated that it partakes to a lesser 
degree of the vigorous positional movements of 
the heart. In our experience, tracings can be ob- 
tained of this chamber which appear to show 
changes associated with events in the cardiac 
cycle. It must be pointed out, however, that ex- 
treme care has to be employed in the interpre- 
tation of the records. Many artefacts may arise 
by improper positioning of the recording slit, 
resulting in changes which are due to mixed 
pulsations of a variety of structures within the 
chest. Errors will occur less frequently in the 
hands of a fluoroscopist who has experience in 
the use of the electrokymogram. 
The pulsations of the left atrium may be re- 
corded in either the right or the left anterior 
oblique position. There is some difference in the 


From the Veterans Administration Hospital, 
McKinney, Texas. 

Reviewed in the Veterans Administration and pub- 
lished with the approval of the Chief Medical Direc- 
tor. The statements and conclusions published by 
the authors are the results of their own study and do 
not necessarily reflect the opinion or policy of the 
Veterans Administration. 


appearance of the tracings; the systolic filling 
wave recorded in the right oblique position is 
more prominent than that taken in the leit 
oblique position. The tracings discussed in this 
paper were taken with the patient erect in the 
right anterior oblique position, employing a 
60-cycle half wave fluoroscope and a Cambridge 
electrokymograph and recording device. In this 
position a downward deflection in the curve rep- 
resents volume contraction or movement of 
the heart in the direction of the apex, while up- 
ward deflection will result from atrial expansion 
or movement of the heart in the direction of 
the base. 

The normal left atrial curve usually consists 
of three waves: one in atrial systole and two 
in atrial diastole (fig. 1). In some instances 
the two diastolic waves tend to merge. The first 
wave begins with the onset of the first heart 
sound and consists of a small upward deflection 
of brief duration, which returns promptly to the 
baseline. This is followed by progressive eleva- 
tion in the baseline (wave 2) which continues 
until immediately after the second heart sound, 
at which time it drops off sharply until about 
the middle of diastole. At this point it may 
level again or actually rise somewhat, and, 
shortly thereafter, decline again (wave 3) be- 
cause of active atrial contraction. 

The small upward deflection coincident with 
first sound (wave 1) is believed to be due to 
two factors: (1), a hypothetically small amount 
of regurgitation as the mitral valve is closin:, 
and (2), the elastic effect of the sudden stretch 
of the mitral valve with the beginning of tle 
isometric phase of ventricular systole. Eviden:e 
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in favor of the latter interpretation is afforded 
by the study of a patient who had auricular 
{ibrillation without demonstrable organic car- 
iliac disease (fig. 2). In this tracing the size of 
ihe first wave varies directly with the force of 
ihe ventricular contraction, as measured by the 
ee of the carotid pulse wave. The down- 


ly responsible for the upward deflection of the 
second wave. The point of change in direction 
at the peak of wave 2 occurs shortly after the 
second heart sound and indicates the opening 
of the mitral valve. The subsequent decline in 
the curve represents emptying of the atrium 
during the course of passive filling of the left 
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Fig. 1. Left: A 46 year old man with severe emphysema, right axis shift in electrocardiogram and 
right ventricular enlargement. No congestive failure. Note normal atrial tracing with waves 1 and 


2 fused. Right: Normal subject. 


Fig. 2. 30 year old man with auricular fibrillation and no evidence of _— or other organic 
heart disease. Note the prominent first wave associated with forceful beats. Electrokymographic 
tracings taken after normal sinus rhythm was restored showed a normal atrial curve. 


ward deflection of the first wave occurs in the 
jection phase of ventricular systole and is be- 
ieved to represent movement of the atrioven- 
ricular septum and the attached atrium to- 
vard the apex. It varies in depth and duration 
lepending on whether atrial filling or ventric- 
ilar contraction dominates the movement. 
\trial filling, which occurs simultaneously with 
‘entricular systole but results in, diametrically 
pposite deflection in the atrial tracing, is main- 


erty 


ventricle. This continues until the middle of 
ventricular diastole at which point the atrial 
and ventricular pressures approximate each 
other and emptying of the atrium stops. The 
atrial volume remains unchanged or may even 
be increased slightly until active contraction 
completes the emptying of the atrium. The 
third wave is absent in cases of auricular fibril- 
lation (fig. 3). Volume changes as a result of ac- 
tive atrial contraction appear generally to be 
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small. In some normal patients wave 3 may be 
absent or appear to blend with the preceding 
wave. Study of the left atrial curve in one pa- 
tient with complete heart block similarly dem- 






Fig. 3. A 31 year old man with diastolic rumbling 
murmur at the apex, auricular fibrillation, conges- 
tive heart failure, marked left atrial enlargement and 
calcification of the mitral valve. A systolic murmur 
was not heard. Note curve of mitral regurgitation and 
absence of wave 3. 


TABLE 1.—T ype of Atrial Tracings in Selected Subjects 


: y Number 
Clinical Diagnosis of Pa- 
tients 


Normal |Abnormal 
Tracing | Tracing 


Normal heart... 25* 25 0 
Organic mitral valve disease 
Mitral stenosis : 8 3 5 
Mitral insufficiency 2 0 2 
Mitral stenosis and _ in- 
sufficiency . . 9 3t 6 
Syphilitic aortic insufficiency 
and Austin Flint murmur 3 3 0 
Functional mitral insuffi- 
ciency with organic heart 
disease. ... 8 8 0 
Cor pulmonale 6 6 0 
Other types of organic heart 
disease 14 14 0 


* Two with apical systolic murmurs but no circu- 


latory abnormalities. 


+ Two tracings are classified as borderline (see 
text). 


onstrated that the volume of ejection of the left 
atrium during atrial contraction is extremely 
small in proportion to that occurring during 
the passive filling phase of the cycle. These ob- 
servations are in conformity with the conclu- 


EKLECTROKYMOGRAPHIC STUDIES 






OF LEFT ATRIUM 


sions based on the direct measurements of atria! 
and ventricular pressure and volume changes.® 

A characteristic abnormality in the tracing 
recorded from the left atrium in cases of mitral 
valve disease has been described by Luisada 
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Fic. 4. Above: 25 year old student had an illness 
characterized by low grade fever, malaise, weakness, 
a changing P-R interval and favorable response to 
salicylates. A faint presystolic low pitched apical 
murmur was heard. No systolic murmur and no 
enlargement of cardiac chambers was detected. Note 
diminution in the downward deflection of wave 1. 
This is a transition to a positive systolic plateau 
(shown below). 

Below: 51 year old man with mitral stenosis and 
insufficiency, auricular fibrillation and congestive 
heart failure. The left atrium was enlarged. Note 
sustained elevation of atrial curve until a point be- 
yond closing of the aortic valves. Carotid pulse 
tracing lags .03 to .04 sec. behind atrial electrokymo- 
gram. 





and Fleischner.’ This consists of a marked ele- 
vation of the systolic wave, producing a systolic 
‘‘plateau.” They observed the characteristic 
changes in all cases of mitral valve disease, 
whether of mitral insufficiency, mitral stenosis, 
or stenosis and insufficiency combined. 
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We have examined 19 patients with mitral 
valve disease. On the basis of physical signs 9 
of these subjects had mitral stenosis and in- 
sufficiency, 7 had mitral stenosis alone, and 2 
individuals had mitral insufficiency alone. 

In general, our findings have agreed with 
those of Luisada and Fleischner (table 1). Tra- 
cings recorded in 11 patients with organic 
mitral insufficiency were abnormal in 8, border- 
line in 2 and normal in 1 instance. The border- 
line tracings were obtained in 2 subjects with 
far-advanced mitral stenosis and congestive 
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throughout systole and sometimes beyond the 
closing of the aortic valves (fig. 4, bottom) as 
evidenced by sustained elevation of the systolic 
wave. In 2 patients with very far advanced 
mitral stenosis, cardiac enlargement, marked 
enlargement of the left atrium and congestive 
failure, a different configuration appears (fig. 
5) in that the atrial filling curves tend to re- 
semble those seen in the normal state. 
Normal tracings were observed in each of 8 
patients with so-called “functional” mitral in- 
sufficiency, as manifested by apical systolic 
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Fia. 5. A 46 year old man with congestive heart failure, auricular fibrillation, a rumbling diastolic 
murmur and loud blowing apical systolic murmurs. The patient died shortly after this record was 
taken. Autopsy disclosed severe ‘‘fish-mouth” mitral stenosis with calcification. Atrial tracing shows 


only slight abnormality. 


heart failure, the normal tracing in a young 
man with early mitral stenosis and a faint grade 
1 systolic apical murmur. Five of the 8 patients 
presenting only apical diastolic murmurs with- 
out audible systolic murmurs showed abnor- 
mal records characteristic of mitral insufficiency 
(fig. 3). However, in 3 patients who had the 
physical signs of mitral stenosis without mitral 
insufficiency, a normal left atrial curve was re- 
corded. In very early valve lesions (fig. 4, top) 
the first abnormality to be noted is moderate 
elevation of the first wave, which then levels 
off and becomes a slowly rising curve through- 
out the rest of systole. In more advanced valve 
lesions the regurgitation appears to persist 


murmurs, grades 2 to 3 in intensity, in the pres- 
ence of nonvalvular heart disease with well 
defined cardiac enlargement (fig. 6). The etio- 
logic agents responsible for the heart disease in 
these 8 instances were coronary arteriosclerosis 
in 3 cases, hypertension in 2 patients, and 
thyrotoxicosis, diffuse myocarditis and anemia 
with hypertension of chronic nephritis each in 
one individual. Three patients with aortic in- 
sufficiency and an Austin Flint murmur showed 
no electrokymographic evidence of mitral in- 
sufficiency. 

Normal atrial curves were recorded also in 
2 healthy subjects with no clinical evidence of 
cardiac or circulatory abnormalities but with 
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apical murmurs of grade 1 to 2 intensity based 
on the classification of Levine.’ Six patients 
with cor pulmonale and 14 individuals with 
other types of organic cardiac disorders showed 
normal configurations in the atrial pulsation. 
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Fic. 6. Above: A 54 year old man with arterio- 
sclerotic coronary disease, marked cardiac enlarge- 
ment, congestive heart failure and a grade 2 to 3 
systolic murmur at the apex. There was no hyperten- 
sion, anemia or fever. Note normal atrial curve with 
presumed “functional mitral insufficiency.” Below: 
26 year old man with hyperthyroidism (basal meta- 
bolic rate + 42 per cent), moderate cardiac enlarge- 
ment, grade 2 murmur at the apex. 


DISCUSSION 


The essential feature of the abnormality in 
the left atrial volume curve in persons with 
mitral valve disease is an increased filling at 
the beginning of the isometric contraction 
phase of ventricular systole. It can be at- 


tributed neither to artefacts due to filling of 
pulmonary veins or aorta nor to transmitted 
ventricular thrusts, for it precedes these event 

in the cardiac cycle by at least .06 second 
Moreover, it does not appear in tracings take: 
in normal subjects or in patients with nonva! 
vular heart disease. The possibility exists tha 

the right ventricular hypertrophy which us- 
ually accompanies mitral valve disease migh 

be responsible for a positional change by reaso 

of more forceful contraction. Thus the typicai 
deformity in the tracings might conceivabl 

have no relation to regurgitation of blood bu 
might be related to secondary changes in 
cidental to right ventricular strain. To evaluat 

this possibility, we examined 6 patients wit! 
varying degrees of right ventricular strain 
secondary to chronic pulmonary disease. In 
none of these patients was an abnormal atrial 
curve observed. We believe, therefore, that 
this abnormality of the atrial filling curve seen 
in persons with mitral valve disease does actu- 
ally represent regurgitation of blood through 
an insufficient valve. The abnormal tracing 
resembles the auricular volume curves recorded 
by Wiggers and Feil’ in experimental acute 
mitral valve insufficiency. 

There are two possible explanations for the 
tendency for the appearance of a normal pat- 
tern in persons with far advanced mitral steno- 
sis: (1) When the mitral orifice is greatly nar- 
rowed, there may be very little regurgitation. 
This seemed to be the situation in one of the 
patients who came to autopsy (Fig. 6). (2) 
The high atrial pressure and reduced left ven- 
tricular pressure which accompanies advanced 
mitral stenosis results in a decline in pressure 
differential between the left ventricle and left 
atrium. This factor probably plays a minor 
role, since the ventriculoatrial pressure gradi- 
ents in congestive failure are still very high 
during the phase of ventricular ejection. 

The evidence supports the belief that mitral 
stenosis does occur without regurgitation, but 
that the absence of an audible systolic murmur 
in persons with mitral stenosis does not rule 
out the simultaneous existence of mitral rc- 
gurgitation. 

The apical systolic murmurs which appezr 
in persons with left ventricular dilatation due 





J. B. MCKINNON AND BEN FRIEDMAN o77 


1) nonvalvular heart disease have been com- 
:.only attributed to functional regurgitation 
:s a result of dilatation of the mitral ring or to 
_isplacement of the papillary muscles and cor- 
«ae tendinae to which the valve cusps are at- 
‘ached. The failure to demonstrate abnormal 
trial pulsations in conditions where functional 
iitral insufficiency would be anticipated may 
ie due to the insensitivity of the method of 
detecting small degrees of regurgitation. In 
persons with known mitral valve disease, elec- 
trokymographic evidence of regurgitation has 
been detected in 5 instances without an audible 
systolic murmur and in others with murmurs 
of grade 1 or 2 intensity. The finding of normal 
atrial pulsations in individuals with nonval- 
vular heart disease and loud systolic murmurs 
suggests that the murmurs are not due to 
mitral insufficiency or else that, if actual re- 
gurgitation is present, it is slight and not re- 
lated to the intensity of the murmur. 

The clinical diagnosis of mitral insufficiency 
has been based heretofore on indirect evidence, 
dependent principally upon the presence of an 
apical systolic murmur. The diagnosis is fre- 
quently in doubt, particularly when there is 
no evidence of associated mitral stenosis. Any 
procedure which reflects hemodynamic changes 
related directly to valvular insufficiency should 
prove to be of great value. Alteration in the 
electrokymographic tracings of left auricular 
movement in persons with diseased mitral 
valves are of a character which can be explained 
only on the basis of actual regurgitation of 
blood from the ventricle into the auricle. 

This new tool should prove to be value in 
the study of a variety of problems. These 
include: (a) evaluation of the significance of 
-pical systolic murmurs, (b) the progression of 
iutral valve disease, (c) detection of mitral 
‘ienosis in the rare cases when the diastolic 
1.urmur is inaudible, and (d) differentiation 
(7 the Austin Flint murmur from that of organic 
1iltral stenosis. 


SUMMARY 


(1) The normal left atrial pulsation, as re- 
orded by the electrokymograph, has been des- 
cribed. 


(2) A characteristic abnormality in the trac- 
ing was observed in cases of mitral valve in- 
sufficiency. 

(3) This abnormality is not due to forceful 
contraction of the right ventricle, but is be- 
lieved to be related to actual regurgitation of 
blood into the left atrium. The abnormality 
of the curve tended to be less pronounced in 
two subjects with very far advanced mitral 
stenosis and congestive failure. This is attribu- 
ted mainly to marked diminution in size of 
the mitral orifice and hence in the degree of 
regurgitation. 

(4) Electrokymographic evidence of regur- 
gitation was found in persons with mitral sten- 
osis without a systolic murmur. Instances of 
mitral stenosis were observed without clinical 
or electrokymographic evidence of regurgita- 
tion. 

(5) Patients with the Austin Flint murmur 
and subjects with nonvalvular heart disease 
with or without apical systolic murmurs showed 
uniformly normal atrial tracings. The absence 
of confirmatory evidence of regurgitation in 
persons with nonvalvular heart disease and 
loud apical systolic murmurs cast considerable 
doubt on the concept of functional mitral in- 
sufficiency as the cause of the murmurs. 
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Normal Esophageal and Gastric 


Klectrocardiograms 


Description, Statistical Analysis and Bearing on Theorie: 
of “Electrocardiographic Position” 


By Apert D. Kistrn, M.D., WarREN D. Briui, M.D., anp Grorce P. Ross, M.D. 


An analysis of normal esophageal and gastric electrocardiograms is presented. Some standards of 
abnormality in the literature are found to be unacceptable, principally with reference to Q and the 
diagnosis of infarction. The study of leads facing the dorsal and diaphragmatic cardiac surfaces 
seems to be a suitable test of current concepts of “electrocardiographic position.” Some of these 
concepts are supported by this study, but others are questioned. 


LTHOUGH esophageal and gastric elec- 
trocardiograms have been employed in a 
number of theoretic and clinical studies, 

there is still inadequate information concerning 
the characteristics and the range of variation of 
these electrocardiograms in normal individuals. 
This is an analysis of such electrocardiograms 
of 50 men without clinical evidence of heart 
disease. 

Cremer" and Kraus and Nicolai* first men- 
tioned the use of esophageal leads, and subse- 
quent studies were carried out by Baur and 
Béhme,® Lieberson and Liberson,® Howard,” 
Brown,*: 7 Luisada,** Hamilton and Nyboer,"* 
Helm, Helm and Wolferth, Carlos Rubio,” 
Myers and Klein*® and others.) :1219-34,39,40.41,47,48 49 


MATERIAL AND METHODS 


The subjects were 50 male hospital employees 
or ambulatory patients 20 to 50 years old 
examined by the authors for this study and 
showing no evidence of past or present heart 
disease, diphtheria, rheumatic fever, syphilis, 
hypertension, thyroid disease, severe malnu- 
trition, anemia, chest pain, pulmonary disease, 

From the Cardiovascular Research Unit and the 
Medical Service, Veterans Administration Hospital, 
Washington, D. C. 

Sponsored by the Veterans Administration and 
published with the approval of the Chief Medical 
Director. The statements and conclusions published 
by the authors are a result of their own study and do 
not necessarily reflect the opinion or policy of the 
Veterans Administration. 


chest deformity, renal disease or malignancy. \ 
roentgenogram of the chest was obtained in 
each case; blood count, urinalysis, circulation 
time (calcium gluconate) and serologic test for 
syphilis were obtained in all patients and all 
but a few of the employees. 

Standard limb leads, six precordial leads (V; 
through V.), augmented unipolar extremity 
leads,'® and a series of fifteen esophageal and 
gastric leads were obtained in each case with 
the subject supine. The indifferent electrode 
for the precordial, esophageal and gastric leads 
was that of Wilson® or in some cases the Gold- 
berger modification.'* The esophageal and 
gastric leads were obtained with a modified 
Nyboer tube,* the exploring electrode placed 
25 to 60 cm. from the nares at 2.5 em. intervals, 
actual distances varying from those used in the 
text up to plus 0.6 cm. and minus 0.8 cm. 
Sanborn Cardiette and Viso-Cardiette and 
Technichon three channel instruments were 
used, 

With rare exceptions at least three complexes 
were measured with a hand lens providing five 
times magnification, and averaged. Amplitudes 
were estimated to the closest 0.25 mm. and 
corrected for standardization, and time intervils 
were estimated to the closest 0.01 second. Ac- 
cepted terminology and methods of measure- 
ment were employed.* 

To correlate electrode positions with electr:- 
cardiograms, anteroposterior and lateral roen 


* Manufactured by C. R. Bard Ine. 
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g nograms were obtained immediately after 
« mpletion of the electrocardiograms with the 
si bject supine, the breath held during quiet 
1 spiration, and the distal electrode 60 cm. from 
tle nares (fig. 1). 

“Statistically highly significant” indicates a 
p obability of less than one in one hundred 
tl at compared data are from the same popula- 
tim, and “statistically significant,” that this 
p obability is greater than one but less than 
five in one hundred. 


may be placed closer to the heart here than in 
any other location in the intact human being; 
it is estimated that an electrode may lie as 
close as 0.5 to 1 cm. from the dorsal wall of the 
left atrium. According to the descriptions and 
illustrations in several anatomy texts, of which 
figure 2 is representative, the lower end of the 
esophagus is dorsal to the left ventricle. It is 
apparent, however, from figure 2 that the inter- 
ventricular sulcus is close to the lower end of 
the esophagus, and it may be expected that 


Fic. 1. The roentgenogram and the electrocardiograms in one of the cases. The radiopaque tube 
and the electrodes mounted on it are shown. The roentgenogram was obtained with the subject 
supine. Three of the exploring electrode positions, 40, 45, and 50:cm. from the nares, are indicated 
on the roentgenogram. The electrocardiograms derived from these electrode positions are desig- 
nated by the same numbers. The opaque markers across the chest show the exploring electrode 


positions for the precordial leads. 


Artefacts 


Artefacts occur frequently in these leads, 
probably due to peristalsis, respiration, swal- 
lowing, poor contact and motion of the heart; 
T and RS-T are distorted more than QRS. In 
a ‘ew cases roentgenograms showed the tube 
doubled up in the esophagus producing a dis- 
crpancy between actual position of the explor- 
in;; electrode and apparent position as esti- 
m: ted from tube markings. 


ANATOMIC RELATIONS 


art of the esophagus lies dorsal to the peri- 
ca dium covering the left atrium (fig. 2). Except 
fo. the direct intracardiac leads an electrode 


slight changes in cardiac position might bring 
the interventricular sulcus or the right ventricle 
into relation with this part of the esophagus. 
Some electrocardiographic evidence that the 
latter occasionally occurs will be presented. 

In the dissection illustrated in figure 2 the 
true posterior or dorsal surface of the heart 
consists largely of left atrium. The ventricles 
do contribute to the posterior surface, but much 
of the ventricular surface lies on the dia- 
phragm. The cross sections reproduced in figure 
2 from Eycleshymer and Shoemaker" happen 
to be the same distance apart as the electrodes 
on the tubes we used, namely, 2.5 cm. There is 
but a single level, the one immediately above 
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the diaphragm passing through the interverte- 
bral disc between the ninth and tenth thoracic 
vertebrae, in which the esophagus lies immedi- 
ately behind left ventricle. The two levels above 
this show esophagus immediately behind left 
atrium. In the level passing through the eighth 


THE PosIrTIOon OF THE EXPLORING ELECTRODE 
AND THE VARIOUS LEVELS 


Correlation of the electrocardiograms wit] 
the roentgenograms confirms the observation: 
of others’: * that P waves with an intrinsic 


Fic. 2. Posterior (dorsal) view of the heart from Morris’ Human Anatomy,** and cross-sections 
of the body from Eycleshymer and Shoemaker.!* E, esophagus; LA, left atrium; LV, left ventricle; 
RV, right ventricle; 7, body of seventh thoracic vertebra; 8, body of eighth thoracic vertebra; 9 and 
10, intervertebral disc between the ninth and tenth thoracic vertebra. The cross sections illustrate 
levels 2.5cem. apart. (By courtesy of Dr..J.P. Schaeffer, The Blakiston Co., and D. Appleton and Co.) 


thoracic vertebra the left ventricle is some 
distance to the left of the esophagus. It is to 
be expected that these cross sections would 
appear somewhat different with different car- 
diac positions, but some discussions of eso- 
phageal leads tend to exaggerate the extent of 
dorsal wall of ventricle believed to lie immedi- 
ately ventral to the lower end of the esophagus. 


deflection*®: 7: *°- >! are obtained when the ex- 
ploring electrode is at positions opposite the 
left atrium. These positions may be referred t» 
as atrial levels and the leads obtained fror 
them as atrial leads. In addition to an approx'- 
mate qualitative judgment of the position of th» 
left atrium from the cardiac shadow, the pos 

tion of the electrode was correlated with th 
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vertebral bodies. The left atrium is described as 
«xtending across the levels of the bodies of the 
{fth to the ninth thoracic vertebrae.* In 36 of 
the 43 cases in which roentgenograms were 
; vailable, these electrode positions lay between 
the levels of the bodies of the fifth to the ninth 
thoracic vertebrae although they frequently. 
‘id not extend over the entire range. In 1 case 
: P wave with an intrinsic deflection was ob- 
tained from an electrode position opposite the 
fourth thoracic vertebra and in 6 cases an 
intrinsic deflection was still obtained when the 
exploring electrode lay opposite the tenth 
thoracic vertebra. 

The observed range of the atrial levels ex- 
tended from 32.5 to 47.5 em. from the nares. 
Atrial levels were found at 40 cm. in 49 of the 
50 subjects, at 37.5 to 40 cm. in 47 and from 
35 to 40 em. inclusive in 34 of the subjects. 
The mean highest atrial level was at 35.3 cm. 
and the mean lowest atrial level at 42.2 cm. 
These values approximate those previously re- 
corded!: % 3, #4, 4 but differ somewhat. There 
was a slight tendency for the atrial levels to 
be grouped further from the nares in taller 
individuals, but the variation was considerably 
less ‘than that of the heights which ranged 
between 63 and 742 inches. 

In leads obtained with the exploring electrode 
ata variable distance below the atrial levels, 
the QRS resembles somewhat the QRS of one 
or more precordial leads and usually aVy (figs. 
1, 4, 5). These levels and the leads obtained 
from them are called ventricular. When the 
exploring electrode is 2.5 em. below and in some 
cases also 5 em. below the lowest atrial level, 
the recorded QRS complex is either inter- 
mediate between the QRS complexes in the 
atrial and ventricular leads (figs. 1, 4) or differs 
from these leads. When such QRS complexes 
are obtained the exploring electrode may be 
spoken of as being at a transitional level. 

The transitional levels ranged between 40 and 
5) em. from the nares. In 28 cases there was a 
single transitional level at 42.5 em. from the 
n.res in 7 cases, at 45 em. in 9, at 47.5 in 11 and 
a 50cm. in 1. In 19 cases there were two tran- 
sitional levels at 40 and 42.5 cm. in 2 cases, at 
4”.5 and 45 em. in 11, at 45 and 47.5 em. in 5 
aid at 47.5 and 50 cm. in 1. In 8 cases there 


were no transitional leads; in 2 of these the 
QRS complex in the lead from the level im- 
mediately below the lowest atrial level re- 
sembled a precordial QRS complex, and in the 
third case such a QRS complex was present 
at the lowest atrial level. 

There was a ventricular level in every case 
at 52.5 em., at 50 cm. in 48 cases, at 47.5 em. 
in 32 cases, and at 45 cm. in 11 cases. 

Anatomic location of the transitional and 
ventricular levels was attempted by means of 
the roentgenograms. The esophagus passes 
through the diaphragm at the level of the body 
of the tenth or eleventh thoracic vertebra.” In 
the roentgenograms the tube may be observed 
to curve more or less abruptly towards the left 
as it turns to enter the stomach (fig. 1). This 
change in direction is usually opposite the tenth 
or eleventh thoracic vertebra, in a few cases 
opposite the twelfth. In none of the 43 cases in 
which roentgenograms were available was there 
a ventricular level above the body of the tenth 
thoracic vertebra. In 19 cases the electrode 
position corresponding to the highest ventricu- 
lar lead was opposite the body of the tenth 
thoracic vertebra. In the remaining 24 cases it 
was below or beyond, that is, opposite the body 
of the eleventh thoracic vertebra or lower, or 
somewhere on the tube after it had swung 
away from the spine towards the stomach. The 
highest ventricular level seemed to be located 
within the last few centimeters of the thoracic 
portion of the esophagus or definitely in the 
abdomen (fig. 1). Helm, Helm and Wolferth” 
found that when the exploring electrode was in 
the lowest 13 ihches of thoracic esophagus, the 
electrocardiograms resembled sometimes those 
of atrial levels, sometimes Lead II or a lead 
connecting left leg and spine of right scapula, 
and sometimes they were transitional. We 
believe our observations are in general agree- 
ment with the observations of these authors 
even though our indifferent electrode differed 
from theirs. Carlos Rubio! also found that 
when the exploring electrode was in the lower- 
most part of the thoracic esophagus as deter- 
mined by fluoroscopy the electrocardiograms 
resembled either electrocardiograms from the 
atrial levels or the left leg lead. On the other 
hand, Nyboer® has diagramatically represented 
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a type case in which a considerable extent of 
ventricle above the diaphragm lies ventral to 
the esophagus, and in which the electrocardi-+ 
ogram from the supradiaphragmatic region is 
characteristic of the ventricular levels. 

When the exploring electrode is in the 
stomach it is subject to motion and cannot be 
considered a fixed semidirect lead in the sense 
of the precordial leads or esophageal leads. In 
some locations in the stomach the electrode is 
more distant from the heart than when it lies 


Fic. 3. P waves in atrial leads, enlarged. A, leads 
from different levels in one case. The small initial 
deflection preceding the main, large, diphasic part of 
P is negative in the 35, 37.5 and 40 cm. leads, diphasic 
in the 42.5 cm. lead and positive in the 45 cm. lead. 
B, successive P waves from a tracing (one omitted 
between the first and second complexes), showing 
respiratory variation of both the small initial part of 
P and the main diphasic part. The small initial de- 
flection is negative in the first two complexes on the 
left, diphasic in the third complex and positive in the 
last one. 


in the esophagus. The electrodes in the stomach 
are closest to the diaphragmatic surface of the 
heart. 

Usually in a given case all ventricular leads 
recorded were similar to one another (figs 1, 4). 
In a few cases, however, there was a transition 
from higher levels to lower levels resembling the 
transition in leads from right to left across the 
chest (figs. 5,7A and B). In figure 5, for example, 
the electrocardiogram from the 45 cm. level 
shows a small R and large S similar to Leads 
V, or Vo, whereas the electrocardiograms from 
the lower levels show predominantly a large R 


like Leads V; and Vz. It may be postulated in 
this case that the exploring electrode was over 
the right ventricle at 45 cm., but that the tube 
in the lower positions lay over the left ventricle. 
Further evidence was obtained for this inter- 


Fic. 4. Semivertical ‘“electrocardiographic posi 
tion.’”? Absent (vestigial) R in lowest atrial leads 
(37.5, 40). Discussed in text. 





Fic. 5. Semihorizontal “electrocardiographic po 
sition.’’ Absent R in lowest atrial lead (42.5). Transi- 
tion from complex with small R and deep S (45) to 
complex with large R (50 to 60). Large P waves in 
atrial leads. Discussed in text. 


pretation in this case by recording each eso 
phageal and gastric lead simultaneously wit! 
both V, and V;. From the earliest onset o 
QRS in any of the three leads to the onset o 
the intrinsic deflection was 0.02 sec. in the 4 
em. lead, 0.03 sec. in V; and 0.05 sec. in Vs. Ir 
the simultaneous records of the 55 cm. lead. 
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’, and V;, the measurements were 0.05 sec., 
').03 sec., and 0.05 sec. respectively. The elec- 
rodes at 50 to 60 cm. from the nares were 
lefinitely in the stomach in this case, and the 
lectrode at 47.5 em. was either in the stomach 
wr the abdominal portion of the esophagus. 
such transitions may occur only with certain 
‘ardiac positions, but they at least indicate 


occasionally diphasic (fig. 3). Hecht!® described 
this deflection as uniformly positive. In the 
same individual this deflection may be negative 
in one atrial lead and positive in another (fig. 
3A) with a tendency for the negative deflection 
to occur in the higher atrial leads and the posi- 
tive deflection in the lower atrial leads. Oc- 
casionally respiratory variations occur (fig. 3B). 


TaBLeE 1.—Amplitude of P in Atrial Leads 


Amplitude = mv./10 


Small Initial Deflection Main Diphasic Part of Complex 


Positive Deflection 


No. of | No. of Negative Deflection 


Cases* | Valuest | Mean and S.D. Range 





Mean and S.D. | Range Mean and S.D. Range 


| | . 
—0.4 + 0.3) —1} to + 1 
—0.2 + 0.3) -1 to + 3 | 
+0.1 + 0.4) -$to+1) 


Highest atrial 43 46 
Intermediate atrial 45 48 
Lowest atrial 36 38 


+ to 6} 
.7 | 4 to 74 
5! 0 to 534 


Level of largest (Not Recorded) 
positive deflec- 
tion 

Level of largest 
negative deflec- 
tion 

Level of largest 
intrinsic deflec- 
tiont 


(Not Recorded) 


(Not Recorded) 


6 | 
5 | 


Do eke — Be 


(Not Recorded) 4.0 + 1.8 | 1 to 93 


(Not Recorded) 9.9 + 3.5 |5% to 273 


* A small initial deflection was observed in at least one atrial lead in each case but not in all leads. The mean 
and S. D. were calculated for the cases in which the deflection occurred. 

+ In a number of the cases the deflection was diphasic, and both values were tabulated. 

t The intrinsic deflection was measured from its onset (positive peak of P) to the lowest point below the base- 
line, unlike the other deflections which were measured as usual from the baseline. 


§ In two cases there were only 2 atrial levels. 


€ Distribution skew. Other distributions in this table seemed approximately normal. 


that an electrode in the lower part of the 
esophagus may occasionally be over the right 
ventricle in normal individuals. 
THE P WaAvE 

In the supra-atrial leads P is low and in- 
verted (figs. 1, 5), or, in two cases, diphasic. In 
tie atrial leads the prominent part of P is a 
‘iphasic complex with rapid positive and nega- 
\-ve deflections (figs. 1, 3, 4, 5), the downstroke 
1apresenting the intrinsic deflection. Notching 
‘nd slurring of P occurs in supra-atrial and 
: trial leads. In all cases in at least one of the 
‘ trial leads there is a small deflection immedi- 
:tely preceding the main diphasic part of the 
/’ wave (figs. 3 and 4, 35 and 37.5 cm.) which 
1s most often inverted, sometimes upright, and 


In the ventricular leads P is upright, low and 
rounded, similar to P in Lead II. In the tran- 
sitional leads*P sometimes resembles P in the 
ventricular leads, and sometimes it is inter- 
mediate between the P waves in the atrial and 
ventricular leads. 

Table 1 summarizes the measurements of P. 
In a given case, in the atrial lead in which the 
largest positive deflection of P occurs, the prob- 
ability of a positive deflection of at least 1.0 
mv. is approximately 8 in 100; 1.3 mv., 1 in 100; 
1.5 mv., 1 in 1000; and 2.0 mv., less than 1 in 
10,000. 

It has been stated that the ratio of negative 
te positive parts of the diphasic complex is 
larger in higher atrial leads than in lower atrial 
leads,” ® but we did not find any relationship 
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(! the ratio to levels. Our observations agree 
\ ith the illustrations of Brown.® 

The small initial deflection preceding the 
1,ain diphasic part of P is of considerable 
i terest. There is experimental evidence that 
coordinate contraction of the right atrium 
|egins before that of the left.2:?® Brown® be- 
|eved that a small deflection in atrial leads 
preceded the onset of P in simultaneously re- 
corded Lead II by 0.011 to 0.018 sec., which he 
attributed to activity of the S-A node. Spiihler” 
on the contrary found that the small initial 
deflection preceding the main diphasic part of 
P in the atrial leads did not precede the onset 
of P in Lead II, and he attributed the initial 
small deflection to right atrial activity. Our 
observations are in accord with those of 
Spiihler.” In only 4 of our 50 subjects was the 
P-R interval in Lead II or V, shorter than in 
the atrial leads by more than 0.01 second, the 
limit of our measurement. in another group of 
20 individuals with and without heart disease, 
in no instance did the onset of P in atrial eso- 
phageal leads precede that in simultaneously 
recorded Leads II and V,. 

The interval from the beginning of the small 
initial deflection of P to the beginning of the 
upstroke of the main diphasic part of the com- 
plex in the 50 normal subjects varied from 0.01 
to 0.05 sec. (mean = 0.030 + 0.010), an atrial 
lead with a definite small initial deflection being 
selected in each case for this measurement. This 
may possibly be an index of difference in onset 
of activation of parts of left and right atria. 
Spiithler” found comparable values for this 
interval, an average of 0.02 to 0.04 second. 
Luisada*!: ® found a significantly shorter inter- 
val of 0.01 to 0.02 second, but his technic 
d ffered from ours. 

The interval from the beginning of P in the 
airial leads to the onset of the intrinsic de- 
fi-etion represents approximately the time from 
tie first recognizable atrial activity in the atrial 
lads to activation of myocardium closest to 
te electrode. An atrial lead in each case with a 
« finite initial deflection preceding a large di- 
puasie part of P was selected, and satisfactory 
t acings for measurement were obtained in 41 
«| the 50 cases. The range was from 0.03 to 


(.08 second (mean = 0.056 + 0.013). Hecht" 


gives an average value of 0.05 second for the 
interval in normal individuals from the onset of 
P in V, to the onset of the intrinsic deflection 
in the simultaneously recorded atrial eso- 
phageal leads. 


THe QRS CompLex 


General aspects of QRS are treated in this 
section, while other aspects are discussed in 
a subsequent section on electrocardiographic 
position. A summary of the measurements is 
presented in table 2. 

In the supra-atrial leads QRS is predomi- 
nately negative (figs. 1 and 4). In 48 of the 
50 cases the negative part of the complex was 
largest; in the remaining 2 cases, a large late R 
exceeded the amplitude of the Q in the same 
supra-atrial lead. QRS in supra-atrial leads 
always resembled aVg more than any other 
lead. 

In the atrialleads there is a QS or QR com- 
plex, rarely a QRS complex. The deepest Q 
waves of the esophageal-gastric series appear 
here (table 2). An S wave occurs infrequently. 
The R wave when present usually increases in 
size from the upper atrial levels downward. The 
exceptions to this and other aspects of R in the 
supra-atrial and atrial leads are discussed in the 
section on electrocardiographic position. 

The size of Q in electrocardiograms from 
levels below the atrium has been of considerable 
interest, because of the value of abnormal Q 
waves in the diagnosis of myocardial infarction. 
The data are summarized in tables 2 and 3. 
Nyboer® states that from levels 5 cm. or more 
below the lowest atrial level the Q wave is 
abnormal if it equals or exceeds 0.4 mv. or 20 
per cent of the R in the same lead. Myers and 
Oren* state that a Q is abnormal if it equals or 
exceeds 0.4 mv. or 25 per cent of the R in the 
same lead in electrocardiograms from the levels, 
45 to 55 em. from the nares. There are 3 cases 
in this series which would be considered ab- 
normal by Nyboer’s criteria for absolute ampli- 
tude of the Q. The Q:R ratio in these 3 cases 
and in 12 additional cases would also be con- 
sidered abnormal. The values for the leads from 
the level 7.5 em. below the lowest atrial level 
fall well within the Nyboer limits. There are at 
least 16 cases in this series which would be con- 
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sidered abnormal by the criteria of Myers and 
Oren. In view of the somewhat variable location 
of the atrial levels it would seem undesirable 
to relate the Q to absolute levels in terms of 
distance from the nares. Nyboer’s reference to 
the lowest atrial level seems more reasonable, 
but neither his criteria nor those of Myers and 
Oren for an abnormal Q in the esophageal and 
gastric leads seem adequate. The range of 
values given in tables 2 and 3 need not represent 
the full range of normal variation and larger Q 
waves may be expected to occur occasionally. 
In the lead from the level 7.5 em. below the 


Our observations agree. The intrinsic interva! 
in our cases is definitely and consistently great 
est in the lowest atrial and in the transitiona 
leads in those cases in which there isan R follow 
ing a Q in these leads and varies from 0.03 t« 
0.07 second (mean = 0.055 + 0.008). Th 
corresponding values are 0.02 to 0.06 secon 
(mean = 0.038 + 0.007) in the ventricula 
leads; 0.03 to 0.05 (mean = 0.040 + 0.007) ir 
V; and 0 to 0.03 (mean = 0.019 + 0.006) ir 
V,. In only 4 of the 48 cases was the intrinsi 
interval as large in V; as in the lowest atrial o~ 
transitional leads, and in only 1 case was i 


TABLE 3.—A mplitude of Q or QS and Q/R, Selected Levels 





Cases* Q or QS \_ 


50% | 
10% | (Me- 
dian) | 


2.5 cm. below lowest 47 46 23 | 43 
atrial 
5 em. below lowest | 50 | 36 1 
atrial 
7.5 cm. below lowest 43 24 0 
atrial 


No. of No. with | Percentile Distributiont 


Q or QS ‘ 
Amplitude = mv./10 Q/R 


| Percentile Distributiont 


50% 
10% (Me- 90% 95% 
dian) | 


0.16 | 0.33 | 8.00 Infinity 0-infinityt 


0-9 0 0.09 | 0.50 4.00 O-infinity? 


0-2 0 0.02 | 0.10 0.15 (0-0.30 


— 


— oho 
mio ml tol 


45em.from nares | 48 39 0 
47.5 em. from nares 46 31 0 
50 cm. from nares 39 24 0 


0-122 0 | 0.30 | 1.50 28.00 (0-infinityt 
0-103 0 | 0.07 | 0.62 0.92 O-infinityt 
0-4 0 0.04 | 0.20 0.25 0-0.30 





* Where the number is less than 50 this is either because an electrocardiogram was not available at the desig 
nated level or because the electrocardiogram was unsatisfactory for measurement. 

{ Here are recorded the upper limits of the lowest 10%, 50%, 90%, and 95% of values. Used in preference to 
mean and §.D. because some of the distributions were skew. 

t QS in 4 cases at 2.5 cm. below the lowest atrial level, in 1 case at 5 em. below the lowest atrial level, in 2 cases 


at 45 cm., and in 1 case at 47.5 em. 


lowest atrial level Q was always considerably 
smaller in a given case than in the lead from the 
level 2.5 cm. below the lowest atrial level. 
With three exceptions Q was also smaller in the 
lead from the level 5 cm. below the lowest atrial 
level than in the lead from the level 2.5 cm. 
below the lowest atrial level. 

Experimental studies and the analysis of 
human electrocardiograms led Lewis and 
Rothschild”: * to conclude that the dorsal por- 
tion of the base of the left ventricle is activated 
late. Brown® confinned this by measuring the 
time of onset of the intrinsic deflection after 
the beginning of QRS (‘intrinsic interval’’) in 
leads obtained from the lower esophageal levels. 


larger. In only 1 of 48 cases was the interval as 
large in the ventricular leads as in the lowest 
atrial or transitional leads, and in only 1 case 
was it larger. In simultaneous tracings of 20 
individuals with and without heart disease the 
onset of the intrinsic deflection in the lowest 
atrial and transitional leads in which there was 
an R following a Q occurred consistently from 
0.01 to 0.04 second later than in V;. The onse’ 
of the intrinsic deflection in the ventricula’ 
leads was usually practically simultaneous wit! 
that in V; although in some cases it was slightl 
later, and in 1 case slightly earlier. 

In most of the 50 cases studied aVy was ver 
much like the ventricular leads (figs. 1 and 4, 
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nut in other cases there were differences. In 
igure 5, the small notched QRS complex in 
\Vy cannot be said to resemble closely the 
YRS of the ventricular leads. In figure 7B there 
ire differences among the ventricular leads, 
und aVy is more like the leads from the lowest 
evels (57.5 em.). In figures 7A, 7C and 7F there 
s a good-sized S wave in the ventricular leads 
vhich is absent or very small in aVy. In figures 
7D and 7E, aVy resembles the ventricular leads 
‘rom the higher levels more than those in the 
ower levels. Compare the notching in aVy and 
he 50 cm. lead in figure 7D, and the absence of 
3S in aVy and in the 45 and 47.5 em. leads in 
figure 7H. Wilson, Johnston, Rosenbaum and 
Barker®® also showed an electrocardiogram in 
which the left leg lead resembled leads from 
the higher ventricular levels more than those 
from the lower levels. Helm, Helm and Wol- 
ferth® found that gastric leads resembled Lead 
II or a léad connecting left leg and spine of 
right scapula with few exceptions. Carlos 
Rubio” found that aVy and the ventricular 
leads only rarely differ to a significant degree. 
What determines the variations in the rela- 
tion of aVy to the ventricular leads we do not 
know. If the potentials of the diaphragmatic 
surface of the heart are regularly transmitted 
to the left leg by way of selected adjacent 
structures and pathways then certain changes 
in position of the heart may account for the 
differences, but we have no evidence of the 
nature of these relations. The left leg is a ‘‘re- 
mote” electrode location in contrast to the 
“semidirect” locations in the esophagus and 
stomach. The predominant potentials contrib- 
uting to the resultant recorded as aVy may 
therefore be derived from a cardiac region more 
extensive than that which contributes to the 
ventricular leads, and under certain conditions 
the left leg electrode is more apt to be affected 
simultaneously by parts of the heart each giv- 
iug rise to considerably different potentials, 
such as left and right ventricles, for example. 


Tue T WAVE AND THE RS-T SEGMENT 


Because of the difficulty of obtaining level 
laselines a quantitative evaluation of T ampli- 
tudes and RS-T deviat‘ons was not possible. 
}n the supra-atrial and at.*al léads the T waves 


were inverted with one possible exception in a 
lowest atrial lead. In transitional leads T was 
positive, negative or diphasic. In the ventricu- 
lar leads, T was usually positive, although in a 
number of cases it was diphasic and in one 
case frankly negative. Of the 12 cases in which 
T was diphasic or negative in the ventricular 
leads, T was positive in aVy in 5 and negative 
or diphasic in 7. 

The amplitude of T ranged from slight in- 
version to approximately minus 0.8 mv. in 
the supra-atrial leads, from slight inversion 
to about minus 1.2 mv. (and one positive 
value) in the atrial leads, from minus 0.4 to plus 
0.9 mv. in the transitional leads and from 
minus 0.25 to plus 0.95 mv. in the ventricular 
leads. 

The origin of the RS-T segment (J) in the 
supra-atrial leads was depressed in all cases 
except one. In only a few cases was the de- 
pression more than 0.2 mv., and in none was 
it more than 0.3 mv. In one case there was 
RS-T elevation of less than 0.1 mv. In the 
atrial leads the origin of the RS-T segment 
was most frequently depressed, in a few cases 
as much as 0.4 mv. By contrast in a few cases 
there were elevations up to as much as 0.5 mv. 
Electropositive RS-T deviation in atrial leads 
similar in appearance and degree has been 
cited as evidence of atrial infarction. In the 
transitional leads the origin of the RS-T seg- 
ment deviation was most frequently within 
plus or minus 0.1 mv., but in a few cases de- 
pressions up to more than minus 0.5 mv., and 
elevations up to as much as plus 0.3 mv. were 
recorded. In the ventricular leads the origin 
of RS-T also was most frequently within plus 
or minus 0.1 mv. There were, however, a few 
cases of depression up to as much as minus 
0.4 mv. and a few elevations up to as much as 
plus 0.4 mv. 

Obvious distortions due to artefacts fre- 
quently occur in the region of the T wave and 
RS-T segment in many cases. These may re- 
cur regularly with each cardiac cycle and are 
possibly due to displacement of the electrode 
by the contracting heart. In answer to the ques- 
tion of whether the extreme deviations of the 
RS-T segment observed in some cases and the 
diphasic and inverted T waves of the ventricu- 
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lar leads may have a similar explanation, we 
can only say that such RS-T deviations and 
diphasic T waves occurred with fairly level 
baselines. The important practical observation 
is that diphasic T waves and extreme deviations 
of the RS-T segment may occur in the ventricu- 
lar leads of normal individuals. 


THE “ELECTROCARDIOGRAPHIC PosITION”’ 
OF THE HEART AND THE ESOPHAGEAL 
AND Gastric LEADS 

Wilson and his associates***> and Gold- 
berger’ attempted to correlate the patterns 
of the unipolar extremity leads with the posi- 
tion of the heart, and Gardberg and Ashman!® 
did the same with the three standard limb 
leads. Carlos Rubio” and Myers and Klein* 
studied the esophageal and gastric electro- 
cardiograms along with the unipolar extremity 
leads in relation to cardiac position; Carlos 
Rubio based his conclusions on six normal 
subjects and a number of patients with heart 
disease, and Myers and Klein illustrated what 
they consider to be type cases of cardiac posi- 
tion. Spiihler” appreciated the significance of 
the relationship of the electrode at the lower 
esophageal levels to the position of the heart. 
Helm, Helm and Wolferth” found electro- 
cardiograms from the transitional levels ex- 
tremely variable and believed it was hopeless 
to set up normal standards for these levels, 
deviations from which might be clinically sig- 
nificant. This may be true, but if the variability 
is related to changes in cardiac position the 
study of these levels may have some value at 
least in this connection. 

It should be stated at the outset that most 
of the recent discussion on the human electro- 
cardiogram and cardiac position has been 
purely theoretic. Electrocardiograms have not 
been correlated with actual anatomic positions. 
This correlation is admittedly difficult, if not 
impossible, with available methods of study, 
particularly when relationships to multiple axes 
are involved, but the interpretations must 
therefore be regarded as tentative and subject 
to verification. This is exemplified in the use of 
the term “electrocardiographic position” by 
Wilson and his associates.*® 

The electrocardiograms of the 50 normal 


subjects were grouped into the categories ‘“ver- 
tical,” “semivertical,” “intermediate,” ‘‘semi- 
horizontal” and “horizontal.” The criteria o/ 
Wilson ef al.5> were used with the follow- 
ing reservations. Whereas these authors de- 
scribe a “small” QRS complex in the left arm 
lead in the semivertical position and a “small” 
QRS complex in the left leg lead in the sem:- 
horizontal position, we required more speci - 
ically that these complexes consist of R an:|! 
S and no Q. This was based on the significanc:: 
attached to a Q in these leads by both Gold- 
berger” and Myers and Klein.** By this classi- 
fication there were 14 vertical, 7 semivertical, 3 
intermediate, and 3 semihorizontal and _hori- 
zontal cases. The remaining 18 of the electrocar- 
diograms did not clearly fit any of these groups, 
or were intermediate in character between two 
of the groups. The small number in the semihori- 
zontal-horizontal group is in agreement with the 
findings of Sokolow and Lyon* for normal 
adults. Because of the desirability of comparison 
with the vertical-semivertical groups, an addi- 
tional group of 8 electrocardiograms was studied 
which fitted the semihorizontal-horizontal cri- 
teria. The latter were from subjects who did 
not fit the strict clinical standards set for the 
normal study for one reason or another, but 
whose standard limb leads, unipolar extremity 
leads and precordial leads were considered nor- 
mal. These additional cases are considered only 
in this section on position and do not contrib- 
ute to the data of other parts of this study. 
The anatomic position of the heart is referred 
to three axes, anteroposterior (ventrodorsal), 
longitudinal and transverse.!7: %6 

To determine whether the esophageal and 
gastric leads provided data that might support 
or negate some of the existing assumptions, 
it was accepted that if a described cardiac 
position called for the exploring electrode to be 
over right ventricle, the QRS of the derived 
lead should resemble the normal V, or V>, 
showing a small R, deep S and an intrinsic 
interval up to and not exceeding 0.03 second. 
When the electrode position was over left ven- 
tricle the QRS of the derived lead should re- 
semble the normal V; or V.¢, showing a pre- 
dominant R, and an intrinsic interval betwee! 
0.03 and 0.05 second. As the study develope: 
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we observed that the size of a late R in the 
kc west atrial and/or transitional levels had a 
pssible relationship to cardiac position. 

We were unable to correlate either the qual- 
itative appearance of the cardiac silhouette 
0’ & measurement in degrees of the long ana- 
tomic axis of the heart with the electrocardio- 
g aphic position. We had hoped that the lateral 
roentgenograms might provide information on 
“forward” and “backward” rotation of the 
apex, but the detail of cardiac contour is often 
poor in these lateral roentgenograms, and be- 
sides we could not determine a satisfactory ref- 
erence point for judging such rotation. 

The Ventricular and Transitional Leads. In 
all the cases classified into the vertical and 
semivertical groups, the largest deflection of 
the QRS of the ventricular leads was an R 
with or without a small Q and 8. That is, the 
ventricular leads resembled closely aVy, V5 and 
Ve. This is what might be expected since the 
electrode in the stomach or near the posterior 
attachment of diaphragm should be facing the 
epicardium of the left ventricle. The intrinsic 
interval in the ventricular leads in all the 
vertical and semivertical cases was 0.03 to 0.05 
second. In the transitional leads it was as 
large or larger. These intrinsic intervals are 
consistent with the described positions. The 
transitional leads of the vertical group showed 
QR complexes, which is consistent with the 
deseribed position, this complex being inter- 
mediate between the QRS of the atrial leads, 
and the QRS with predominant R from leads 
over the left ventricle. In the semivertical group 
5 of the 7 cases also had QR complexes in the 
transitional leads. In one case, however, there 
was a W-shaped QS complex. This case is dis- 
cussed further on as possibly indicative of for- 
ward rotation of the apex. In still another 
smivertical case there was a polyphasic QRS 
complex in the transitional lead. 

In 8 of the 11 semihorizontal and horizontal 
cises the ventricular leads showed a small R 
aad deep §, or both a small R and §, or a larger 
|. approximately equal to the S in size. This 
i: consistent with the described position of 
1 ght ventricle or the posterior interventricular 
sileus. In one of the normal semihorizontal 
cases and in one of the other semihorizontal 


cases there was a transition in the ventricular 
leads from a complex with a small R and deep 
S to one with a large R and small § as in leads 
from right to left across the precordium (fig. 5). 
In 2 of the cases a small Q preceded the R in 
some of the ventricular leads. In 3 of the cases 
there were QS complexes in transitional leads. 
In 2 of the cases there was a direct change going 
downward, from an atrial lead to a lead with 
a small R and deep S without an intervening 
transitional lead. The latter change was ob- 
served also in one intermediate case, but in 
none of the vertical or semivertical cases and 
suggests that the transition of electrode posi- 
tions was from atrium to right ventricle. This 
should be a more likely transition in the de- 
scribed intermediate and horizontal-semihori- 
zontal positions than in the vertical-semiverti- 
cal positions. In one case a W-shaped complex 
entirely below the baseline persisted in all the 
ventricular leads, and it was questionable 
whether a tiny upward deflection preceded the 
W. This was one of the added horizontal cases 
that did not comply with the strict normal 
criteria, but there was no evidence of heart 
disease and no history that could be interpreted 
as previous angina pectoris or myocardial in- 
farction. 

In 7 of the 11 cases of the horizontal-semi- 
horizontal group there was some transitional 
or ventricular lead with an intrinsic interval 
less than 0.03 second, which is consistent with 
an electrode position over right ventricle. In 
2 of the cases the shortest intrinsic interval in 
transitional or ventricular leads was 0.03 second 
while in anotNer case it was 0.04 second. In 
one case an intrinsic interval could not be 
measured since there was a QS in all the ven- 
tricular leads. In some of the cases showing a 
short intrinsic interval this occurred at the 
higher ventricular levels, whereas lower ventric- 
ular levels showed an intrinsic interval of 0.04 
second. 

In the intermediate group QRS in the ven- 
tricular leads was characterized by a predom- 
inant R, which is consistent with the described 
position. 

The Late R in the Lowest Atrial and Transi- 
tional Leads. In the electrocardiograms from 
the lowest atrial or transitional levels in the 
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vertical and semivertical groups there was a 19 intermediate, semihorizontal and horizontal 
tendency to a large R (fig. 1, table 4). In 11 of cases was there an R of this amplitude. R wis 
the 21 cases R was larger here than in any other smaller than 1.5 mv. in 17 of the intermediate, 
lead of the same subject including the pre- horizontal and semihorizontal cases, where \s 
cordial leads. This was not so in any of the it was so small in only 6 of the vertical aid 
intermediate, horizontal or semihorizontal semivertical cases. 

cases. The amplitude of the late R (R follow- The tendency to a large R in the lower atrial 
ing Q) was measured in each case in the lowest or transitional leads in the vertical and sen i- 
atrial lead and in leads from levels 2.5 cm. vertical groups is consistent with the position 
above and below the lowest atrial lead. The of an electrode close to the dorsal portion of t e 
highest R of these three leads was tabulated left ventricle. The base of the left ventric‘e 
for each case, and the comparison by groups might be expected to lie in close apposition wi h 
is shown in table 4. In view of the variability the lower thoracic portion of the esophag is 
of absolute amplitudes of electrocardiograms when the heart is vertical and rotated cloc ;- 
of different individuals we also determined the wise. It might be expected from the anatomic 


TaBLe 4.—Relation of Electrocardiographic Position to Amplitude of Largest Late R (R Following Q) Among Low’st 
Atrial Lead and Leads from Levels 2.5 Cm. Above and Below Lowest Atrial Level 


No. of No anita Amplitude = mv./10 | Ratio to Largest Precordial R 


Cases Late R < 7 = oe) ened 9 : 
Mean and S.D. Range Mean and S.D. | Range 


Electrocardiographic Position 








Vertical 14 14 22. 8.9 42 to 38* 1.24 + 0.56 |0.24 to 2.204 
Semivertical 7 6 : 9.9 0 to 32? 1.05 + 0.95 0 to 2.77 
Intermediate 8 8 g 4.9 3 to 163 0.52 + 0.25 (0.14 to 0.91 
Semihorizontal and horizontal 11 9 6.5 + 5.9 0 to 193 0.36 + 0.18 0 to 0.70 





* The amplitude in one case is unknown since the R went off the tracing, but it was greater than 32. 

+ The ratio in one case is unknown since the R went off the tracing, but it was greater than 1.39. 

t The ratio in one semihorizontal case is unknown since the precordial R went off the tracing, but it was less 
than one. 


ratio of this R to the highest R of the precordial relations that an electrode in the lower thoracic 
leads in the same subject. part of the esophagus would often be closer 
It is not possible to be sure of the nature of to the left ventricle than when situated on the 
the distributions in these small groups, although precordium or in the stomach. 
only the amplitudes of R in the semihorizon- The possible relation to cardiac position of 
tal-horizontal group suggested a possible skew the large R in the lower atrial and transitional 
distribution, whereas the other distributions leads focussed our attention on 7 cases in this 
could be normal. Applying the statistical normal series in which a late R was completely 
tests for normal distributions, the differ- absent or very small. These cases included | 
ences in the amplitudes of R are statistically with a semivertical position (fig. 4), 1 with a 
highly significant between the vertical and in- semihorizontal position (fig. 5), 1 with a hori- 
termediate groups and between the vertical zontal position and 4 other cases not classified 
and horizontal-semihorizontal groups. There is in the original grouping. If the absence of the 
no statistically significant difference in ampli- R or a small R is related to cardiac position it 
tude of R between any other two of the groups. may be postulated that it would occur when 
The ratios of the esophageal R to precordial the dorsal basal part of left ventricle loses i's 
R suggest similar differences, but statistical close relationship to the lower thoracic end 
tests were not applied. Of the 21 in the vertical of the esophagus. We would expect this to ov- 
and semivertical groups there were 11 instances cur with extreme forward rotation of the ape:, 
with a lower atrial or transitional R larger extreme counterclockwise rotation, and poss - 
than 2.0 mv., while in no instance among the bly extreme rotation into the horizontal pos - 
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‘ion. Evidence for these possibilities may be 
»resented by correlation with the other leads, 
.lthough there is, of course, no independent 
yroof for the interpretations. 

Figure 4 represents the electrocardiograms 

rom the case with a semivertical position. 
lere the vestigial R in the lowest atrial and 
ransitional leads could be explained by for- 
vard rotation of the apex. In this position the 
eft. ventricle could still lie on the diaphragm 
and produce the potentials in the ventricular 
eads and aVy, and the region of the anterior 
interventricular sulcus could still face the left 
shoulder and produce the potentials of aVz. 
it should be noted that aVy does not have the 
diphasie or inverted T in this case that has 
been postulated with forward rotation of the 
apex.'7: 36 This case cannot be distinguished 
from the other cases with semivertical position 
in this series on the basis of the unipolar ex- 
tremity leads. There were 5 cases of this series 
in which the predominant part of QRS in aVy 
was R and in which T was diphasic or negative 
in aVy, the signs postulated by Goldberger” 
and Myers and Klein** as possibly indicative 
of forward rotation. In 1 of these 5 cases R 
was ‘absent in the lowest atrial level and in 
another it was rather small, whereas in the 
remaining 3 cases it was large. There is thus 
no consistent association between the signs 
given by Goldberger and Myers and Klein as 
possibly indicative of forward rotation and an 
absent or small late R in the lower atrial and 
transitional leads. 

The electrocardiogram in figure 5 may repre- 
sent counterclockwise and/or semihorizontal ro- 
tation and shows the transition in the ventric- 
ular leads from a complex with small R and 
large S to a complex with predominantly large 

The Late R in the Right Arm Lead and in the 
Supra-atrial Leads. Both Goldberger’ and 
“yers, Klein, and Stofer*®-%* have inter- 
preted the late R in aVz (R following Q or 8) 
‘s arising from the dorsal portion of the base 
(f the left ventricle when this region of the 
heart is turned toward the right arm. Accord- 
iag to Goldberger” the latter occurs in extreme 
(lockwise rotation of the heart or backward 


rotation of the apex in which case there is a 
late R also in the esophageal leads. 

A number of observations in the cases we 
studied forced us to examine these assumptions 
further. A relatively large late R may be pres- 
ent in electrocardiograms from the supra-atrial 
levels and higher atrial levels and still be ab- 
sent in the lower atrial levels (fig. 5). If the 
late R is derived only from the dorsal basal 
portion of the left ventricle and is due to back- 
ward rotation of the apex or clockwise rotation 
of the heart, it seemed to us that this R should 
be larger in electrocardiograms from the lower 
esophageal levels where the dorsal portion of 
the base of the left ventricle is closer to the 
esophagus than in leads from higher levels. 
In figure 1 this is true, but in figure 5 this is 
not so. The late R in the supra-atrial leads and 
probably also aVp of figure 5 must have some 
other origin. On the other hand, in some of the 
cases with hearts in the vertical and semi- 
vertical position, in which there were large 
late R waves in the lower atrial and transitional 
leads, the late R in aVR and in the supra- 
atrial leads was absent or insignificant (fig. 1). 

Both Goldberger” and Myers and Klein*® 
agree that clockwise rotation is more apt to be 
associated with the vertical position than with 
the horizontal position. Yet there is no evidence 
from our data that either the incidence of the 
late R in aVr, or the amplitude, is greater in 
the vertical than in the semihorizontal-hori- 
zontal groups. On the basis of the chi square 
test the incidence of the late R, regardless of 
amplitude, is greater in the vertical group than 
in the intermediate group, the difference being 
statistically significant, and it is greater in the 
horizontal group than in the intermediate 
group, the difference being statistically highly 
significant. There is no statistical difference 
between any other two of the groups. As re- 
gards amplitudes, most of the distributions were 
definitely skew, and the usually applied tests 
for normal distributions were not used. Sim- 
ple inspection of the data shows no evidence 
that the amplitudes are greater in the vertical 
than in the semihorizontal-horizontal groups. 

Myers and Klein** studied the electrocardio- 
graphic patterns in leads from successive posi- 
tions across the back and front of the chest 
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leading towards the right arm and showed that 
a late R could be traced across the back of the 
chest, but not across the front. To compare the 
right arm lead with the chest leads (fig. 6) we 
used Vr, V leads for the chest positions and 
one and one-half times the usual standardiza- 
tion. In figure 6A is an electrocardiogram which 


The fact that late R waves appeared in aV,. 
more frequently either in the vertical or hori 
zontal cases than in the intermediate case: 
suggests the possibility that the late R in aV, 
tends to appear when the cardiac position de 
viates either way from the intermediate posi 
tion. We might expect different explanation: 





fH 

Lt s 
Bass 
Aas 


ys 
: 3 





Fic. 6. Origin of late R in Vg. Transmission of potentials across front and back of chest. a, b, c, 
d, e, f, exploring electrode positions for electrocardiograms with corresponding designations. These 
electrocardiograms and Vr recorded at 1.5 normal standardization (1.0 mv. = 15 mm.) with Wilson 
terminal as indifferent electrode (not ‘‘augmented”’ unipolar leads). A, No late R across front. of 
chest, late R across back of chest. B, C, Equally prominent late R across front and back of chest 


agrees with the observation of Myers and Klein. 
In figures 6B and 6C, however, from 2 of the 
normal cases in which there was a late R in the 
right arm lead and in the supra-atrial leads 
but no R in the lowest atrial leads, leads from 
the anterior chest positions show as prominent 
a late R as do those from the posterior chest 
positions. It is, therefore, apparent that the 
explanation given for the late R in aVR!’: *: %6 
does not hold for all cases. 


for its appearance with opposite directional 
changes from a midposition. In a study of in- 
tracardiac leads Kossmann and associates” re- 
corded a large late positive deflection of QRS at 
the base of the right ventricle, which they be- 
lieve may originate in the crista supraventric- 
ularis of the right ventricle, which may be 
transmitted to surface leads, and which may 
be simultaneous with a late R in Vp. We be- 
lieve that counterclockwise rotation of the 
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heart would be one factor favoring the trans- 
mission of this potential to the right arm; this 
might be one explanation of the late R in aV_ 
in our cases in which there was no late R in 
the lowest esophageal leads. 





Fig. 7. Comparisons of aVy and ventricular leads. 
A, B, C are from the 50 normal subjects. D, EF, F are 
from other cases. In A, C, F there is a deep S in 
ventricular leads which is absent in aVy. In B there 
are differences among ventricular leads, and aVr is 
more like leads from lower levels (57.5 em.). In D 
and E, aVy is more like leads from higher ventricular 
levels, aVy in D more like the 50 cm. lead, and aVr 
in EB, like the 45 and 47.5 em. leads. 


RS Complexes in Precordial Leads. Goldber- 
ger” has postulated that RS complexes (Q ab- 
sent) are obtained in precordial leads when the 
exploring electrode faces the epicardial surface 
of the right ventricle. Some of the electro- 
cardiograms illustrated by Goldberger show a 
rather large R in proportion to the S. When 
such complexes are obtained in V; and Vg this 
author has postulated extreme clockwise rota- 
tion. 

In this series there were 6 cases in which there 
was an R and § of variable size and no Q in V5 
and Vs. One each of these cases was from the 


vertical, the intermediate, the semihorizontal 
and horizontal groups. Two were from among 
the additional semihorizontal and horizontal 
cases that did not fit the original normal cri- 
teria. While the esophageal leads are consistent 
with the Goldberger interpretation in 3 of the 
cases, they are inconsistent in the other 3. 

If Goldberger is correct we should not ex- 
pect leads from the lower part of the esophagus 
in these cases to show RS complexes. For in ex- 
treme clockwise rotation the right ventricle 
should not be in relation to the lower part of 
the esophagus. In the 2 cases with hearts in the 
vertical and the intermediate positions and in 
one case with the heart in the semihorizontal 
position QR or QRS complexes were obtained 
from the lower esophageal levels. In the case 
showing the vertical position, furthermore, the 
R in leads from the lowest atrial and transi- 
tional levels was quite large as was the late R 
in aVR and the supra-atrial leads. 

One of the cases showing the semihorizontal 
and 2 showing the horizontal positions, how- 
ever, were not consistent with the Goldberger 
interpretation. In figure 5 is illustrated one of 
these cases, and leads from the lower esophagus 
and stomach show RS complexes as well as the 
precordial leads. One would have to postulate 
the right ventricle facing not only all 6 standard 
precordial positions but the lower esophagus 
and stomach as well to be consistent with the 
Goldberger hypothesis. 

Our conclusion is that RS complexes in pre- 
cordial leads are not recorded exclusively when 
the exploring electrode faces the epicardial sur- 
face of right ventricle. We believe that the 
small Q may normally be absent in leads ob- 
tained with the precordial electrode facing the 
epicardium of left ventricle. 

Cases in Which There is a Small QRS with 
Proportionately Large Q or QS in aVz. There 
were 18 cases which did not fit exactly into the 
preliminary classification already described. Of 
these there were 12 cases characterized by a 
small QRS complex in aVz with a definite Q 
or QS; the Q though small was a sizeable pro- 
portion of the QRS complex. Both Goldberger” 
and Myers and Klein** have described QR com- 
plexes in aV, and explained them as derived 
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from potentials from the “back of the heart.” 
Goldberger attributed the presence of a large 
Q and R in aV, to backward rotation of the 
apex. Myers and Klein agree to this interpreta- 
tion when Q is less than 25 per cent of the R, 
but they believe that a large Q and small R 
appear in aV, when there is some counter- 
clockwise rotation in the vertical position. 
There were only 2 of the 50 cases which clearly 
fit these descriptions and in which the size of 
the QRS in aV; compared with those illustra- 
ted by these authors. 

In the 12 other cases which are the subject 
of this section, the QRS was much smaller 
and it did not appear justifiable to apply an 
arbitrary Q:R ratio in dealing with such small 
complexes. Some of these cases seemed to fit 
well into the semivertical group and might have 
been so classified by some authors. In fact, in 
the electrocardiograms of one of the patients 
who was studied at two different times, aVz 
showed at one time a small R and § and no Q, 
whereas at another time a definite Q was pres- 
ent which was proportionately large compared 
to the size of the QRS. Even the latter electro- 
cardiograms showed respiratory variation, how- 
ever, so that the Q disappeared in occasional 
complexes. In 4 of these cases the character- 
istics of aVy, and of the various esophageal and 
gastric leads were consistent with the criteria 
for the vertical-semivertical groups. On present 
evidence, therefore, there is nothing inconsist- 
ent with the interpretation that these are cases 
of semi-vertical position with some backward 
rotation. Three other cases were among those 
in which there was an absent R in the lowest 
atrial and transitional leads and in the remain- 
ing 5 cases there was a complex with small R 
and large S in passing from the atrial to the 
ventricular leads. These 8 cases may be con- 


sistent with counterclockwise rotation, but it. 


seems to us they are consistent with backward 
rotation only if associated with a certain de- 
gree of counterclockwise or/and horizontal rota- 
tion. 


SUMMARY AND CONCLUSIONS 


1. The esophageal and gastric electrocardio- 
grams of 50 men without clinical evidence of 
heart disease are described, and various quan- 


titative data are presented. The positions of the 
electrodes are correlated with roentgenograms. 

2. Electrocardiographic evidence is presented 
to show that the electrode in the lower end of 
the esophagus may occasionally lie over the 
right ventricle. 

3. Previous observations are confirmed that 
a P wave with an intrinsic deflection is obtained 
in esophageal leads when the exploring elec- 
trode lies over the left atrium. The position of 
the atrial levels tends to vary with the heights 
of individuals, but the variation is considerably 
less than the heights. An atrial level was ob- 
tained at 40 cm. from the nares in all but one 
case, at 37.5 and 40 em. in all but 3, and at 
35 to 40 cm. inclusive in 34 of the 50 cases. 
The electrode positions from which ventricular 
leads are obtained are in the lowest few centi- 
meters of the thoracic esophagus or in the 
stomach. 

4. The P wave in the atrial levels is character- 
ized by a small initial deflection followed by a 
larger diphasic deflection. From the onset of the 
former to the onset of the latter may represent 
an index of difference in time of activation of 
parts of right and left atria. In normal sub- 
jects the interval is from 0.01 to 0.05 sec. (mean 
= 0.03 sec. + 0.01). From the onset of the 
small initial deflection to the onset of the in- 
trinsic deflection of P the interval is from 0.03 
to 0.08 sec. (mean = 0.056 + 0.013). There is 
no evidence of atrial activation in esophageal 
leads that precedes the earliest signs of atrial 
activation in Leads II and V,. 

5. The existing criteria for the size of the 
normal Q in transitional and ventricular leads 
are inadequate and may lead to false diagnoses 
of abnormality. Data on the Q wave in these 
50 normal subjects are presented. By measure- 
ments of the time of onset of intrinsic deflec- 
tions previous observations are confirmed that 
the base of the left ventricle is a region of late 
activation. The QRS of the ventricular leads 
usually resembles aVy, but there are important 
exceptions. 

6. The T wave in ventricular leads is usually 
positive, but it may be diphasic or inverted in 
normal subjects. Extreme RS-T deviations may 
occur normally in esophageal and gastric leads. 

7. The esophageal and gastric leads support 
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some of the assumptions regarding the ‘“elec- 
trocardiographic position” of the heart based 
on the unipolar extremity leads and precordial 
leads, but they are inconsistent with other as- 
sumptions. In general the ventricular leads are 
what would be expected from the described 
positions. A large, late R occurs in the lowest 
atrial and transitional leads in subjects showing 
vertical and semivertical positions, and this is 
consistent with the described position. Absence 
of late R or small late R in the lowest atrial 
and transitional leads is possibly due to (a) 
forward rotation of the apex, (b) extreme 
counterclockwise rotation, (c) extreme hori- 
zontal rotation. The explanations of Goldber- 
ger and Myers and Klein for the origin of the 
late R in aVpz are analyzed; it is concluded that 
in addition to being derived from the posterior 
basal portion of the left ventricle, as postulated 
by these authors, a late R in aVg may have 
other origins. The Goldberger theory that RS 
complexes (no Q wave) in precordial leads are 
derived from electrode positions over the right 
ventricle only is contradicted. It was not pos- 
sible to correlate the “electrocardiographic po- 
sition” with the cardiac contour in anteropos- 
terior or lateral roentgenograms obtained with 
the subject supine or with a measurement in 
degrees of the long axis of the heart. 
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RS-T Segment Displacement in Induced 
Coronary Insufficiency as Studied 


with Esophageal Leads 


By Leonarp Scueruis, M.D., Avery A. SAnpBerG, M.D., 
JosEPH WENER, M.D., ArrHuR M. Master, M.D., 
AND ARTHUR GRISHMAN, M.D. 


Esophageal electrocardiograms are utilized as a means of studying the left ventricular cavity 
potentials in induced coronary insufficiency in patients with angina pectoris. Depressions of the 
RS-T segment recorded in precordial leads after exercise were consistently associated with simul- 
taneously recorded RS-T elevations at the atrial level. These RS-T deviations are interpreted as 
indicating that in coronary insufficiency there are widespread changes involving the subendo- 
cardial aspect of the left ventricle. A circuit is described to enable the recording of better technical 


esophageal records despite interference due to extraneous low frequency potentials. 


HE CHARACTERISTIC precordial 
electrocardiographic findings of acute 
coronary insufficiency consist of depres- 
sion of the RS-T segment and flattening or 
inversion of the T waves.! Autopsy studies 
have at times demonstrated subendocardial ne- 
crosis or infarction to be present in the myo- 


cardium of patients who had such an elec- 
trocardiographic pattern for varying periods 
prior to death.!~* 

The depressions of the RS-T segments after 
exercise! and after the breathing of 10 per 
cent oxygen‘ in patients with coronary scle- 
rosis have been ascribed to anoxemia of the 
subendocardium. Numerous experiments in- 
volving the production of injury to the sub- 
endocardial surface of the left ventricle have 
resulted in elevation of the RS-T segments in 
leads recorded within the left ventricle5* and 
depression of the RS-T segment in epicardial 
leads recorded directly over the damaged 
areas.®-® 

Esophageal electrocardiograms recorded at 
the atrial levels have been shown to reflect 
left ventricular cavity potentials.!° Leads taken 
below this level usually record the potentials 
of the posterior and diaphragmatic surfaces of 
the left ventricle. 

In this study, esophageal leads were used 


From the Cardiographic Department and Cardio- 
vascular Research Group of the Mount Sinai Hos- 
pital, New York, N. Y. 


to investigate the nature of the RS-T segment 
displacement in induced coronary _ insufli- 
ciency." If the RS-T depression in the pre. 
cordial leads is due to subendocardial changes, 
positive displacement of the RS-T segment 
should be recorded in those esophageal leads 
reflecting predominantly left ventricular cav- 
ity potentials. 


METHODS 


The patients selected for this study had definite 
histories of angina pectoris and on prior occasions 
had positive responses after two-step exercise tests.” 
In no patient was there a history or electrocardio- 
graphie evidence of a previous myocardial infarction. 
No patient had received digitalis for several months 
prior to this study. Following the recording of con- 
trol electrocardiograms, including standard, Wilson 
unipolar extremity and precordial leads,!* and uni- 
polar esophageal electrocardiograms, the patients 
performed the two-step exercise test with the elec- 
trodes still in place. Immediately upon the comple- 
tion of the exercise and at frequent intervals there- 
after, electrocardiograms were secured, the first 
esophageal lead being recorded within thirty seconds. 
To diminish the elapsed time in recording as many 
leads as possible, an instomatic control and extern:! 
multiple-selector switch box were utilized. 

The esophageal electrode employed in this study 
consists of an ordinary rubber tube containing « 
central core of 15 wires, each separately connecte! 
to external metal bands 1.75 em. apart. This tub> 
was introduced into the nasal cavity of the patient 
and advanced until the tip, by fluoroscopic contro 
was selectively located 4 to 5 cm. below the dia 
phragm. Prior to exercise, esophageal electrocardic 
grams were recorded at each of the 15 levels repre 
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ented by the metal bands. Simultaneously, two 
ther electrocardiograms were recorded, usually V, 
nd V; being selected. 

After exercise the esophageal lead at that atrial 
evel which in the control best represented left ven- 
ricular cavity potential was recorded. In addition, 
he esophageal lead reflecting the posterior or dia- 
hragmatic surface of the heart was taken when 
onditions permitted. The amplitude of the indi- 
‘idual tracings could be selectively varied by sensi- 
ivity controls, and these were utilized to allow 
naximum amplitude at all levels within the limits 
f respiratory excursions. The response to 1 mv. 
introduced into the circuit has been employed to 
permit comparison of the records taken at varying 
sensitivities, and this is recorded in each figure. 


To 
EsoPpHacent 
Tu6E 


5p fd. 
235% 


Te EvectaocarDdio- 


Wiesow Viititameal GRAPH 


Fic. 1. Electrical filter unit of the Technicon three 
channel cardiograph. 


Esophageal electrocardiograms may be markedly 
distorted, or their recording made difficult, because 
of low frequency gastric, esophageal, and diaphrag- 
matic potentials. These extraneous influences may 
at times be so pronounced as to make any detailed 
analysis of atrial and particularly ventricular com- 
plexes erroneous. In this study, a condenser-resistor 
arrangement was inserted between the electrode and 
the amplifier input (fig. 1). The condenser and re- 
sistor were so selected as to attentuate all frequencies 
of 1.5 eyeles per second and less, while having 
negligible effect (5 per cent or less) on frequencies 
of more than 2.5 cycles per second. This device 
nade it possible to obtain consistently adequate 
records at any esophageal level both before and 
ater exercise. At the onset of this study, records 
vere obtained with and without the presence of the 
fi ter in the circuit, and were found to be similar in 
¢otail and timing. 

The electrocardiograph used throughout this study 
vasa three channel direct writing Technicon Cardio- 
g aph. All records were inscribed at usual speed and 
double the normal speed. ta permit better analysis 
aad timing. ; 


RESULTS 


Nine patients with angina pectoris per- 
formed the exercise test after control records 
had been obtained. Three of these patients 
had essentially normal records prior to exercise. 
In the remaining 6 cases, the resting records 
revealed diphasic to inverted T waves in the 
precordial and standard leads with slight de- 
pression of the RS-T segment. Immediately 
after exercise depression of the RS-T segment 
in the precordial leads (V, or V;) was regularly 
associated with simultaneous elevation of the 
RS-T segment in the esophageal lead at the 
atrial level reflecting left ventricular cavity 
potentials (fig. 2). In each of the patients who, 
prior to exercise, demonstrated RS-T depres- 
sions precordially and minimal RS-T elevation 
at the atrial level showed a marked increase 
after exercise in the depression precordially 
and in the elevations recorded at the atrial 
level (fig. 3). 

In three instances, significant. depressions of 
the RS-T segments in the esophageal leads re- 
flecting the posterior or diaphragmatic surface 
of the ventricle were recorded after exercise 
(fig. 4). 

Inversion or flattening of the T waves in the 
precordial leads after exercise was usually as- 
sociated with similar findings in the esophageal 
leads reflecting the posterior or diaphragmatic 
surface of the left ventricle. The T waves re- 
corded at the atrial level were generally nega- 
tive before exercise and became diphasic or 
positive following exercise. All electrocardio- 
grams returned to the resting records within 
fifteen minutés. 

Six control individuals with normal electro- 
cardiograms, normal physical examination and 
no history of cardiac disturbance demonstrated 
no change in the precordial or esophageal leads 
after exercise. 


DIscussION 


The above observations indicate that RS-T 
segment depressions recorded in induced coro- 
nary insufficiency in the precordial leads and 
in the esophageal leads reflecting the posterior 
or diaphragmatic ventricular surface are regu- 
larly associated with RS-T segment elevations 
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in the esophageal leads reflecting left ventricu- diograms at the atrial level reflect left ventric- 
lar cavity potential. ular cavity potentials. Brown! noted that “i* 


Fig. 2. I. M.: 68 year old white man. Angina pectoris for six years. Resting standard and precor- 
dial leads normal. (In this and the following figures, the three leads were taken simultaneously and 
have been separated and remounted in the interest of saving space.) A. Resting control record. Eg: 
Esophageal record taken at atrial level. Note intrinsic atrial deflection, Qr ventricular deflection, and 
isoelectric RS-T segment. B. Immediately after exercise. RS-T depressed in V; and elevated in Eg. 
C: Ten minutes after exercise. Record has returned to resting state 


Fic. 3. S. E.: 38 year old white man. Severe angina pectoris for one and one-half years. Resting 
standard and precordial leads not remarkable except for minimal depression of RS-T segment in 
Leads V; and V¢. A. Resting control record. E;o: Esophageal record taken at atrial level; RS-T eleva- 
ted prior to exere’se. V;: RS-T slightly depressed. B. Immediately after exercise. E,o: RS-T markedly 
elevated. V;: RS-T more depressed than in A. C. Five minutes after exercise. Changes less marked 
than in B. RS-T slightly elevated in Vr. 


The interpretation of the RS-T deviations an exploring electrode is placed against, 0 
as obtained in this study is dependent upon almost against, auricular musculature, then a 
the demonstration that esophageal electrocar- the onset of the ventricular excitation it i 
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tipping the electropotential changes occurring 
i1 the ventricle under peculiar circumstances. 
}t is connected to the internal surface of the 
ventricle by an electrolytic medium: the wall 
.f the auricle and the auricular contents.”’ 
Esophageal patterns at the atrial level are 
«ssentially similar to those obtained by elec- 
irodes within the left ventricular cavity in 
:nimals.'5» 16 Other investigators®: %-!* have 
Leen in general agreement that esophageal 
jleads at the atrial level reflect essentially left 
ventricular cavity potential. The patterns ob- 
tained at the atrial level were those of a QS 


ployed was the presence of a QS or Qr pattern 
with the initial inscription of the Q wave in 
the esophageal lead preceding or coinciding 
with the inscription of the initial ventricular 
deflection in V; and V;. The tracing containing 
this complex usually revealed an intrinsic de- 
flection of the P wave, but that the presence 
of such an intrinsic deflection is no constant 
criterion of endocardiac potential was pointed 
out by Burchell”? who stated that “. . . Q 
and QR deflections characteristic of atrial 
levels may sometimes persist below the level 
where the P waves no longer show intrinsic 


Fic. 4. N. L.: 56 year old white man. Angina pectoris for two years. Resting standard and pre- 
cordial leads reveal minimal depression of RS-T segments in Leads I, II, V;, V; and V.; T diphasic 
in V4, V; and Vg. (All records taken at twice normal speed.) A. Resting control record. E;: Esophageal 
record taken at posterior surface, left ventricle. RS-T depressed prior to exercise in E; and V,. B. 
Immediately after exercise. Increased RS-T depression in E; and V,. C. Resting control record Es: 
Esophageal record taken at atrial level. RS-T isoelectric. D. Immediately after exercise. RS-T mark- 
edly elevated in Es and depressed in V4. 


or Q wave followed by a small R. Sodi-Pal- 
lares® in a study of left heart catheterization 
in human subjects has found that the normal 
potential inside the left ventricular cavity is 
QS in configuration. This would further cor- 
roborate the fact that the potentials obtained 
et the atrial level reflect left ventricular cavity 
potentials. 

Esophageal _electrocardiograms recorded 
from the lower part of the esophagus usually 
ieflect the potentials of the posterior surface 
of the left ventricle.!° Application of this fact 
has been made in the diagnosis of posterior 
ayocardial infarctions.” » ?°-? 

In the actual selection of the control endo- 
‘ardial lead from the fifteen esophageal leads 
ecorded, the most important criterion em- 


deflections.” Thus, the RS-T deviations in the 
electrocardiogram recorded at the atrial level 
are believed to be essentially similar to those 
recorded inside the left ventricle, while those 
at the lower esophageal levels reflect the po- 
tentials of the posterior and diaphragmatic sur- 
face of the left ventricle. 

The significance of RS-T deviations has 
been the subject of many experimental studies. 
Experiments in animals have shown that dam- 
age to the epicardial surface produces positive 
displacement of the RS-T segment in epicardial 
leads and negative displacement in leads from 
the cardiac cavity.5-* Trauma to the subendo- 
cardial surface, however, produced negative 
displacement over the circumscribed epicardial 
surface,® and positive displacement in the car- 
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diac cavity.’ Evidence in support of suben- 
docardial damage giving rise to negative devi- 
ations of the RS-T segment in precordial leads 
is also derived from isolated cases of subendo- 
cardial infarction: ** and the finding of sub- 
endocardial necrosis in acute coronary insuf- 
ficiency.!:? During intracardiac catheterization, 
contact of the electrode with the endocardium 
of the right or left ventricle can cause upward 
deviation of the RS-T segments in intracar- 
diac leads.*°-” The failure of simultaneously 
recorded precordial leads to reveal RS-T devi- 
ations of either direction was usually inter- 
preted as meaning that the extent of the injury 
must be very localized in distribution. 

Under those circumstances in which the uni- 
polar right arm lead reflects the potential varia- 
tions of the endocardial surfaces and cavities 
of the two ventricles: *° elevation of the RS-T 
segment in Vz has been reported in acute cor- 
onary insufficiency*® and in the induced hy- 
poxemia test for coronary insufficiency. Simi- 
lar results were obtained in this study. The 
elevations were interpreted as reflecting posi- 
tivity of the ventricular cavity. A similar ex- 
planation has been given for the precordial 
elevation of the RS-T segment after hypoxemia 
tests in two patients with previous anterior 
wall infarction, the left ventricular cavity po- 
tential being tapped through the myocardial 
window.‘ 

The positive RS-T segment deviation at the 
atrial level recorded simultaneously with de- 
pressions of the RS-T segment in precordial 
and lower esophageal levels, as secured in this 
study, signifies widespread involvement of the 
subendocardium of the left ventricle. 

In accord with the present concepts of the 
theory of the current of injury‘! the re- 
sults of this study would indicate that in in- 
duced coronary insufficiency there is predomi- 
nant injury to the subendocardium. 


SUMMARY 


1. The results of this study indicate that 
RS-T segment depressions recorded in induced 
coronary insufficiency in the precordial leads 
and in the esophageal leads reflecting posterior 
‘or diaphragmatic ventricular surface are regu- 
larly associated with RS-T segment elevations 


in the esophageal leads reflecting left ventric:- 
lar cavity potential. 

2. These observations strongly suggest th:t 
the electrocardiographic changes in coronary 
insufficiency are due to widespread involy»- 
ment of the subendocardial aspect of the my 5- 
cardium 


3. A circuit is described to minimize t! e 
interference due to excursion of the base li: e 
in esophageal electrocardiography. 
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A-V Conduction in Auricular Flutter 


By M. Bresoarn-SantanpDer, M.D., A. Pick, M.D. anp 
R. LANGEeNpDorF, M.D. 


Flutter of the auricles may be associated with either a regular or an irregular ventricular rate. The 
former occurs as a rule in the untreated patient, the latter as a result of digitalis therapy. An at- 
tempt was made to explain the irregular ventricular response in auricular flutter as a result of a 
conduction disturbance similar to that seen in sinus rhythm with second degree A-V block charac- 
terized by progressive lengthening of the A-V conduction time preceding the dropped beat (Wencke- 
bach phenomenon). Such an approach was suggested by the peculiar arrangement of the ven- 
tricular beats in some eases of auricular flutter. Similarly, in order to account for certain features 
of the arrhythmia it was assumed that some of the non-conducted flutter impulses penetrate into 
the A-V junction and thus influence the conduction of the subsequent flutter impulses. 


N AURICULAR flutter, the tissues of the 

A-V junction are exposed to impulses oc- 

curring in rapid succession, the rate of 
which greatly exceeds that of normal sinus 
impulses. Our understanding of the protective 
function of the A-V junction which reduces 
the number of such rapid impulses conveyed 
to the ventricles to a rate more economical for 
the heart, is based on the classical studies of 
Lewis' on the law of the heart. However, only 
a few attempts have been made? to analyze 
the complex mechanism of the conduction dis- 
turbance which develops in the A-V junction 
with rapid stimulation such as occurs in auric- 
ular flutter. It would appear that A-V conduc- 
tion during auricular flutter follows some defi- 
nite rules rather than being simply a matter of 
chance. A study of auricular flutter was, there- 
fore, undertaken both in cases with regular 
A-V conduction and those with clinical ventric- 
ular arrhythmia due to apparently irregular 
A-V block. 

The observations were made on 27 patients, 
14 male and 13 female, between the ages of 
21 and 90. The clinical diagnosis was hyper- 
tensive and/or arteriosclerotic heart disease in 
22 cases and rheumatic heart disease in the 
remaining 5 cases. Fifty-nine records were ob- 
tained during auricular flutter and additional 
records were available for comparison in 17 
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cases before the onset or after the termination 
of the auricular flutter. 


A-V Conduction in Untreated Cases of Auricular 
Flutter 


In table 1 the type of A-V conduction in the 
first record with auricular flutter is listed. Six 
cases were already under medication, 21 were 
untreated at the time. Prior to treatment, the 


TaBLE 1.—Type of A-V Conduction in the First 
Tracing Obtained During Auricular Flutter 


| Cases 
| already 
Untreated Cases | under 


treat- 
ment 


A-V conduction 


Regular | 
1:1 conduction 
2:1 conduction 
Irregular 
with basic 2:1 conduction (19%) | 2 
with alternation of 2:1 and (4.8%) | 


(4.8%) 
(47.6%) 


4:1 conduction 
Totally irregular | 
with ventricular rate over 2 (9.5%) | l 
100 | 
with ventricular rate below | 3 (14.3%) 2 
| 


80 





6 


Total | 21 


prevalent finding was a regular 2:1 A-V ratio 
(47.6 per cent). In 19 per cent, a basic 2:1 
conduction was found with occasional changes 
to 1:1 or 4:1 A-V conduction. In most cases, 
both with regular and irregular conduction, the 
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ventricular rate was over 100 per minute. In 3 
intreated cases it was below 80. These were 
; atients in the older age group with evidence of 
<cteriosclerotic heart disease. Two of them 
<aowed the pattern of right bundle branch sys- 
tem block and one, in addition, showed signs of 
» remote myocardial infarct. It appeared that 
i these cases an A-V conduction defect became 
:pparent with the onset of the rapid auricular 
rate.® Persistent 1:1 A-V conduction was seen 
in two cases. The first, reported elsewhere,’ ap- 
peared to be paroxysmal in origin and the un- 
derlying mechanism became obvious only under 
carotid sinus pressure, producing a transient 
2:1 A-V conduction. In the other instance, 1:1 
A-V conduction was seen for a short time after 
conversion of auricular fibrillation to flutter by 
quinidine. The single case of table 1 showing 
alternating 2:1 and 4:1 conduction will be dis- 
cussed later (see fig. 4B). 


The Different Types of “A-V Conduction in the 
Entire Group of Cases 


As shown in table 2, our cases can be divided 
into (a) cases with regular ventricular action 
due to a constant A-V ratio and fixed relation 
of QRS complexes to a preceding F wave and 
(b) cases with irregular ventricular action, due 
to varying A-V conduction, characterized by a 
changing relation of QRS to the preceding F 
wave. A fixed F-R distance was assumed if the 
QRS complex appeared consistently at identi- 
cal points on the flutter waves. In cases of 
complete A-V block a regular ventricular rate 
occurs with changing F-R distances. Transi- 
tions between groups (a) and (b) were seen, as 
in fig. 1, in which a rhythmic ventricular action 
\ith a constant F-R distance was occasionally 
interrupted by an_ irregular ventricular 

sponse. 

(a) Fixed F-R Relation. A constant F-R in- 
‘val would be expected in these cases; how- 
ver, as is the rule in auricular flutter, the 
etermination of exact values of the A-V con- 
uction time (F-R interval) is difficult, for two 
‘asons: first, the point on a flutter wave at 
hich the impulse begins to travel towards the 
entricles cannot be established?: °; therefore, 

iaeasurements of A-V conduction represent 


only approximate and relative values. For the 
sake of simplicity, this point in all of our ree- 
ords was assumed to coincide with the begin- 
ning of the ascending part of an F wave. As long 
as our criteria of the ‘‘beginning”’ of an F wave 
remain the same our conclusions based on rela- 
tive values of A-V conduction remain valid. 
The other difficulty consists in the determina- 
tion of which of the flutter waves, preceding a 
QRS, is conducted. Usually F waves are seen 


TABLE 2.—Different Types of A-V Conduction in the 
Entire Series of Tracings 


Number of Tracings 


A-V Conduction 


a) Fixed F-R relation 
Regular conduction in a 1:1 nate 2 (3.4%) 
ratio 
Regular conduction in a 2:1 ratio! 21 (35.6%) 
Regular conduction in a 4:1 ratio 3 ((5.1%) 
Changing F-R relation 
Irregular conduction in a basic | 
2:1 ratio 
Irregular conduction in a basic | 4 (6.8%) 
4:1 ratio | 
Regular conduction in a3:l ratio) 2 (3.4%) 
Alternation of a2:land3:lratio | 1 (1.7%) 
Alternation of a2:land4:lratio*|/ 5 (8.5%) 
1 
1 
4 


12 (20.3%) 


Alternation of a 4:1 and 6:1 ratio | (1.7%) 

Almost complete A-V block (1.7%) 

Irregular conduction, no basic | (11.8%) 
A-V ratio established 


Total | 59 


* Alternative explanation (3:1 conduction with 
alternation of F-R intervals) discussed in text. 


to coincide partially with a QRS complex and 
it seems improbable®: ® that such an F wave 
is transmitted, since the distance (0.07-0.14 
sec.) from its “beginning”’ to the onset of QRS 
appears too short. The alternative, prolonged 
A-V conduction of one of the preceding F 
waves, seems more likely. 

A 2:1 A-V ratio was found to be the most 
common type of A-V conduction (35.6 per cent) 
in all analyzed tracings. For reasons given 
above, the time of A-V conduction was assumed 
to be 0.26 to 0.46 second. Similarly, in our cases 
of regular 4:1 conduction, the conduction time 
varied between 0.33 and 0.43 second assuming 
that A-V conduction is from the last completed 
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F wave preceding a QRS. If one assumes that 
conduction is from the second last completed 
F wave preceding QRS, the respective values 
in our cases would be 0.45 to 0.78 second. 

Such marked delay of A-V conduction as 
compared with P-R intervals during sinus 
rhythm is found regularly in auricular flutter 
even if the ventricular rate is within the range 
seen in sinus tachycardia or normal sinus 
rhythm. To our knowledge, Wenckebach and 
Winterberg were the first® to explain the long 
duration of the F-R interval by assuming some 
penetration into the A-V junction of the pre- 
ceding auricular impulse. The non-conducted 
F impulses, by shortening the time for re- 


(b) Variable F-R Relation. Except in the 
presence of complete A-V block, these cases 
are associated with a more or less marked ay- 
rhythmia of the ventricles. This irregularit 
may be complete, similar to that seen in ai- 
ricular fibrillation, or there may be an all - 
rhythmic repetition of certain groups, or 
fundamentally rhythmic action of the ventr - 
cles may be disturbed only occasionally b+ 
some irregularity. One such case is shown i) 
fig. 1. A regular 2:1 A-V ratio, manifested b 
a regular sequence of QRS complexes wit) 
fixed F-R distances is disturbed in two in- 
stances. For reasons discussed above, the A-‘ 
conduction time of the regular beats is a: 


ee : 
cine : 


CER EEN 


v | 41 | 42 | 42 | 41 [42 | 42 [40 | 41 | 40 | 32] 36] 40 [ 41 | 41 | 41 [41 141 


Fic. 1. The conventions in the diagram below this and the following records are those used cus- 
tomarily. A-V represents the spread of a flutter impulse through the A-V junction between the auri- 
cles (A) and the ventricles (V). Oblique lines at different angles indicate varying speed of impulse 
conduction through the A-V junction; the short lines at right angles to the oblique lines, blockage 
of the impulse. Varying lengths of oblique lines, representing blocked impulses indicate the varying 
distance to which the impulse penetrates into the A-V junction. 

Lead III: Auricular flutter with regular 2:1 A-V conduction, disturbed by a single instance (elev- 


enth QRS) of 1:1 conduction. Discussed in text. 


covery in that portion of the junctional tissues 
into which they penetrate, are responsible for 
the prolongation of the A-V conduction time 
of the subsequent flutter impulse. Further de- 
tails of such concealed conduction’ in the A-V 
junction, as indicated in all of our diagrams, 
will be discussed later in connection with ir- 
regular conduction of auricular flutter waves. 

Two cases with an apparently constant 3:1 
ratio of auricular to ventricular activation 
showed a slight alternation of F-R distances 
varying between 0.35 and 0.41 second (or 0.57- 
0.65 sec. respectively), and were, therefore, 
listed in table 2 under group b. Conditions 
seemed to be present comparable with those 
discussed below in connection with figure 3A 
and B. 


sumed to be 0.35 to 0.36 second. The eleventh 
QRS appears prematurely (R-R 0.32 sec.), 0.46 
second after the onset of the last preceding 
completed F wave. Its slightly different con- 
tour may be explained by superposition of the 
following F wave and/or by aberrant intra- 
ventricular conduction due to its premature 
occurrence. The next (twelfth) beat is also pre- 
mature (R-R 0.36 sec.), its F-R distance being 
0.38 second. It initiates another series of regu- 
lar 2:1 A-V conduction, but it will be seen 
that those F waves blocked in the first part oi 
the record are now conducted, and vice versa. 
The occurrence of this single instance of tran- 
sitory 1:1 conduction seems to confirm the 
assumption of partial (concealed) conduction 
of apparently non-conducted F waves during 
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r gular 2:1 conduction, as indicated in the 
dagram of fig. 1. The different F-R intervals 
bear an inverse relationship to the respective 
I-F distances, reflecting the incomplete re- 
every in the A-V junction, which is also re- 
sponsible for the prolongation of the A-V con- 
diction time during the part of the record 
\ith regular ventricular rate. In figure 2A a 
marked ventricular irregularity is seen. Most 
o the R-R intervals are slightly longer than 
two F-F intervals. The shorter R-R intervals 


a functional and constant A-V block high in 
the node reduced by half the number of au- 
ricular impulses crossing the A-V junction and 
another lower region of delayed conduction 
produced the progressive type of A-V block 
with (single) dropped beats. 

In all records listed in table 2 as irregular, 
with a basic 2:1 or 4:1 A-V conduction, it 
was possible to establish an explanation simi- 
lar to that shown for figure 2A. Another ex- 
ample is shown in figure 2B, where the long 


RFC ES 


Vv [42] 42/44] 68 | 46 | 42 J 42 | 42 | 


Fic. 2. Conventions as in figure 1 


. Wenckebach periods during auricular flutter. Discussed in text. 


(A) Lead III: Dropped beat following seven successive transmissions of 2:1 auricular flutter with 
progressive lengthening of the F-R intervals of conducted beats. (B) Lead III: Dropped beat fol- 
lowing four and three successive transmissions of 2:1 auricular flutter with progressive lengthening 


of the F-R intervals of subsequent conducted beats. 


tend to show progressive shortening preceding 
a long interval and the longer R-R intervals 
measure less than two short ones. Thus, the 
ventricular arrhythmia resembles that pro- 
diced by a second degree A-V block of the 
Venckebach type. Furthermore, as seen in 
t» pical Wenckebach periods, the R-R interval 
f lowing the ventricular pause is found to be 
lk nger than that preceding the pause. To ex- 
pain the whole mechanism of A-V conduction, 
i is assumed that all flutter impulses penetrate 
s ome distance into the upper part of the A-V 
¢ mduction system and that only every second 
(ae is transmitted to the lower portion. Thus, 


® 


R-R eycles are more frequent. Again it can be 
seen that these long R-R intervals are both 
shorter than the sum of two short R-R or 
four F-F intervals, while the short R-R cycles 
are longer than two F-F intervals. The as- 
sumed conditions of A-V conduction and the 
twofold block is shown diagrammatically be- 
low the tracing. 

In some cases, the lower area of block gives 
rise to regularly recurring dropped beats, so 
that ventricular allorhythmia is produced (fig. 
3A-D). Figure 3A represents a case of ven- 
tricular “bigeminy” during auricular flutter. 
Short intervals (0.74-0.75 sec.) alternate with 
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longer ones (0.80-0.81 sec.). The short R-R sponse in the upper part. Penetration of ap- 


distances are longer than two F-F intervals, parently blocked flutter impulses into the latter 
the longer R-R are shorter than four F-F in- region is indicated in the diagram to explain 


























Fic. 3. Conventions as in figure 1. ‘‘Ventricular bigeminy”’ during auricular flutter. Note varying 
extent of penetration of non-conducted auricular impulses. Discussed in text. Compare with figures 
6 and 7. (A) Lead II: 2:1 alternating with 4:1 A-V conduction. (B) Lead II: regular 3:1 A-V con- 
duction with alternation of the F-R intervals of the conducted beats. (C) Lead IT: 4:1 alternating 
with 6:1 A-V conduction. (D) Lead II: 2:1 alternating with 3:1 A-V conduction. 


tervals. Here, a 3:2 block of the Wenckebach the prolonged A-V conduction time after rel:- 
type in the lower part of the A-V junction is tively long ventricular intervals. Howeve', 
assumed to be paired with a regular 2:1 re- since the sum of two consecutive R-R intervals 
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-quals six F-F intervals, an alternative explana- 

ion, namely regular 3:1 block has to be con- 
idered and is shown below in an analogous 
ase (fig. 3B). On this last assumption, a 
nore complicated mechanism involving differ- 
nt degrees of penetration of blocked auricu- 
ar impulses has to be postulated to account for 
ternation of the length of the F-R intervals.‘ 
‘uch varying penetration could be expected to 
cur because of the varying cycle length pre- 
ceding each attempt at conduction. Whereas 
this uneven (3:1) conduction ratio could not be 
excluded in two cases listed as such in table 
2, it appeared less likely in others such as the 
case shown in figure 3A. In this patient the 
flutter attack started with a regular 2:1 con- 
duction and, under treatment with digitalis, 
more and more instances of 4:1 conduction 
appeared until the latter ratio was finally 
established. The tracing of figure 3A was ob- 
tained during an intermediate period. 

In figure 3C the basic mechanism is similar, 
but the degree of delay in A-V conduction is 
greater. The long R-R intervals (1.23-1.24 sec.) 
are shorter than six F-F intervals and the short 
R-R (0.97-0.98 sec.) longer than four F-F in- 
tervals. The total sum of a short plus a suc- 
ceeding long interval equals ten F-F intervals. 
If we again assume a double region of block, 
every second auricular impulse would be 
blocked at the upper level and, of the remain- 
ing ones, alternately every second, then every 
third, would reach the ventricles. A detailed 
analysis of the tracing seems to confirm this 
assumption. It can be seen that following the 
first conducted impulse with a conduction time 
(¥-R interval) of 0.42 second full conduction 
is not re-established with an R-F distance of 
(44 second (R-F distance of the fourth F 
wave) and only the sixth F wave (R-F distance 
( 88 sec.) is transmitted to the ventricles with 
2a F-R interval of 0.32 second. Due to the 
r.arked shortening of the latter, the following 
fourth F wave now occurs 0.54 second after a 
(RS, this interval permitting a ventricular re- 
© onse at an F-R interval of 0.43 second. Al- 
t 1ough these figures seem to be in close accord- 
‘ace with the fundamental laws of recovery 
‘ad conduction, it should be realized that they 
1 present only relative and average values— 


changes of the refractory period as a result of 
concealed A-V conduction are not taken into 
consideration. As will be discussed later, the 
true state of recovery does not appear to be 
identical at all levels of the A-V junction since 
the penetration of non-conducted flutter im- 
pulses is expected to be more or less inversely 
proportional to the preceding cycle length (fig. 
6). It would appear that such a mechanism 
plays its part in the production of alternating 
4:1 and 6:1 conduction in this case. 

A somewhat different mechanism seemed to 
produce the allorhythmia present in tracing 
3D. There too, an alternation of long and 
short R-R intervals is seen and the sum of two 
such consecutive R-R intervals equals five F-F 
intervals. This is the only case of our series 
where no other explanation than alternation of 
2:1 and 3:1 A-V conduction could be estab- 
lished. The prolonged A-V conduction time of 
0.30 second after an R-R interval of 0.60 sec- 
ond may be the consequence of concealed con- 
duction of preceding auricular impulses. The 
failure of every second F wave following the 
QRS with the longer conduction time to be 
transmitted to the ventricles could be ex- 
plained, as was figure 3C, either by a short- 
ened recovery time or by a different degree of 
A-V penetration by the blocked flutter im- 
pulses. The latter is assumed in the diagram 
to this figure. 

Alternation of the A-V conduction time, 
giving rise to ventricular bigeminy as pre- 
sented in figure 3A—D, was seen in 9 of our 
cases. This allorhythmia was persistent 
throughout tivo of the records and disturbed 
by some other irregularity in the others. 

In figure 4 there is illustrated a case listed 
in table 2 as almost complete A-V block. The 
auricular flutter rate is 260, the ventricular 
rate in Lead III is 52 with slight variations of 
R-R distances not exceeding 0.03 second. The 
peristent variations of F-R distances with a 
regular rate of both auricles and ventricles 
suggest the presence of complete A-V block 
and an idioventricular rhythm in these leads. 
However, in Lead Vs, a single ventricular beat 
appearing prematurely (ventricular capture) 
interrupts the regular ventricular action. 

Finally, in 11.8 per cent of the records (table 
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2) we were unable to find a definite and con- 
sistent relationship of auricular and ventricu- 
lar activation. If in such cases the ventricular 
rate is slow and irregular and the F-R intervals 
vary throughout the record, one could consider 
the possibility of complete A-V block above 
the nodal pacemaker and a second degree A-V 
block with the Wenckebach phenomenon be- 
low it. Analogous cases with multiple regions 
of block in the A-V junction in the presence 
of auricular fibrillation have been reported 
from this department.’ The failure of a satis- 
factory analysis in some cases is, however, not 


In figure 5A a basic 2:1 A-V conduction 
with an F-R interval of 0.32 second is present. 
A ventricular premature beat interferes wit) 
the conduction of an F wave in the lower par: 
of the A-V junction, but apparently not wit' 
the concealed conduction of the succeeding 
wave, since the F-R interval following the 
compensatory pause remains prolonged (0.3) 
sec.). 

In figures 5B and SC, tracings of another 
case are shown taken on different days. Th: 
patient was treated with digitalis and a regv- 
lar F-R ratio of 4:1 was established. In bot. 














Fic. 4. Conventions as in figure 1. Auricular flutter with complete A-V block in Lead III and a 
single ‘“‘ventricular capture”’ in Lead V2. Discussed in text. 


surprising in view of the complexity of the 
factors, which determine conduction of flutter 
impulses viz. concealed conduction with differ- 
ent degree of penetration and the ensuing var- 
iations of the duration of refractory period and 
recovery time at different levels of the A-V 
junction. 


A-V Conduction and Ventricular Premature 
Beats 


In 6 of our records premature ventricular 
complexes of apparently ectopic origin were 
seen and their interference with A-V conduc- 
tion of flutter impulses could be studied. 


tracings a premature beat occurring relatively 
late in diastole did not produce a “compen- 
satory pause.’”’ Two possible explanations are 
indicated in the diagrams. In figure 5B the 
premature beat is considered to be of ectopic 
ventricular origin and interfering with A-V 
conduction. The prolongation of the subse 
quent F-R interval may be ascribed either to 
retrograde conduction of the premature beat 
or to the shorter R-F distance of the con 
ducted flutter wave. This prolonged F-R dis 
tance, following the premature complex is not 
seen in figure 5C. An alternative explanation 
viz. transient 3:2 block in the lower part 0! 
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tie A-V junction with aberrant intraventricu- 
l:r conduction of the second flutter impulse, 
s’ems more adequate and is so indicated in 
tie diagram. 


become apparent with auricular impulses oc- 
curring in rapid succession. Again, in cases of 
auricular flutter and complete A-V block, this 
block may disappear with the onset of sinus 





























Fic. 5. Conventions as in figure 1. In addition, broken lines indicate aberrant conduction within 
the ventricles. Ventricular premature beats during auricular flutter. Discussed in text. (A) Lead III 
and (B) Lead V,: Bizarre ventricular complex of ectopic origin. (C) Lead III: Bizarre ventricular 
complex due to aberrant intraventricular conduction of a transmitted flutter impulse. 


CoMMENT 


Jur analysis of tracings of auricular flutter 
hs s been based on the fundamental laws valid 
fo. A-V conduction during sinus rhythm. 
H »wever, some differences are to be expected 
in view of the rapid rate of auricular impulses 
al 1 the longer refractory period of the A-V 
juiction compared with that of the auricular 
m isele.’ Thus, a latent conduction defect may 


rhythm.!° The more effective action of digita- 
lis on A-V conduction in auricular flutter and 
fibrillation may be explained in a similar way. 

The usual A-V conduction found at the on- 
set of auricular flutter is 2:1.° This condition 
is a manifestation of interference with trans- 
mission due to the fact that the refractory 
period of the A-V junction is normally longer 
than the F-F interval. 1:1 conduction occurs 
only exceptionally. It may be the consequence 
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of a relatively slow flutter rate of the auricles 
due to quinidine or of an abbreviation of the 
recovery time of A-V conduction such as seen 
in children or after exercise or emotion. 

In our material it was found that cases with 
an initial 2:1 ventricular response in auricular 
flutter had, during sinus rhythm, a P-R in- 
terval of from 0.12 to 0.18 second. On the 
other hand, cases with first and second degree 
A-V block during sinus rhythm developed 4:1 
block or Wenckebach periods with the onset 
of auricular flutter. It would, therefore, appear 
that a ratio of A-V conduction greater than 
2:1 in auricular flutter can be considered as 
the first sign of a disturbance of A-V conduc- 
tion, corresponding to P-R prolongation during 
sinus rhythm. However, sometimes the A-V 
conduction defect may be so slight as to be- 
come manifest only in auricular flutter. It has 
been demonstrated experimentally" that in the 
dog under faradically maintained auricular fi- 
brillation the ventricular rate is an index of 
A-V conductivity and a similar concept should 
be applicable to the human heart. Thus a ven- 
tricular rate over 100 per min. during auricular 
flutter should be considered normal. Most com- 
monly, A-V conduction delay is caused by dig- 
italis; it may, however, be due to some other 
cause, as in three of our cases with an initial 
ventricular rate of less than 80 per min. 

The normal A-V conduction time (F-R in- 
terval) in auricular flutter with 2:1 conduction 
was found to be between 0.26 and 0.46 second. 
This marked and consistent prolongation has 
an adequate explanation in concealed conduc- 
tion of the non-conducted alternate auricular 
impulses. 

Abnormal A-V conduction in auricular flut- 
ter first appears as a transition of 2:1 to 4:1 
ratio and only rarely in the form of 3:1 con- 
duction. In view of this experience, Katz'* and 
Ashman and Hull" suggested the existence of 
two levels of block in the A-V junction. The 
analysis of our cases with a ventricular al- 
lorhythmia confirms this assumption. It would 
appear that the upper region of A-V_ block 
represents a normal functional phenomenon 
associated with the rapid auricular rate, 
whereas the real block occurs in the lower re- 
gion of the A-V conduction system. Conse- 


quently the latter, if constant, appears as 
multiple of the functional A-V ratio of 2:1. 
Alternating 2:1 and 4:1 conduction can ex- 
plain more adequately some cases (see fig. 3A) 
in which a 3:1 ratio has to be considered. .\ 
progressive Wenckebach type of A-V bloc: 
during auricular flutter has been postulated b ° 
others?» 5-15 for this mechanism. The px - 
culiar grouping of the ventricular complex< ; 
in some of our cases with irregular ventricular 
beating, as demonstrated in figure 2, also di:- 
plays the typical structure of Wenckebach px 
riods. 

The occurrence of uneven conduction ratics 
during auricular flutter seems unquestionab!e 
and is shown in figures 3B and D. This fact 
does not necessarily exclude the presence of 
the assumed double region of block, if the 
effect of the length of the preceding cycle on 
the conduction of the subsequent impulse is 
taken into consideration. In their studies on 
A-V conduction in the mammalian heart, Lewis 
and Master'® have clearly demonstrated that 
the response to a stimulus may depend on the 
duration of the preceding cycle. Prolongation 
of this cycle is followed by a longer period of 
actual and apparent unresponsiveness, and the 
point at which recovery begins is shifted far- 
ther into diastole. However, the conducted or 
partially conducted beat, terminating this 
cycle, exerts an influence upon conduction not 
only of the first impulse that follows, but also 
of the second one. The diagram in figure 6 
demonstrates how the conduction of impulse 
D is influenced by the degree of penetration of 
the non-conducted impulse B. The conduction 
of impulse D is determined (1) by the rest 
period (r) in the A-V junction between D and 
the preceding conducted impulse C and (2) 
by the length of the cycle preceding C (un- 
shaded area). This cycle equals approximately 
the distance B-C in the upper portion of the 
A-V junction and the distance A-C in its lower 
portion. With deeper penetration of B as in 
figure 6B, the shorter cycle length (B-C) i2 
the greater part of the A-V junction tencs 
to enhance the conduction of impulse D by 
shortening the refractory period after impulse 
C. However, the opposite effect of impulse 3 
on the conduction of impulse C shortens th» 
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time of recovery between impulses C and D 
and thus inhibits the conduction of D. If the 
latter effect outbalances the former, impulse 
D fails to be conducted as an indirect result 
of deeper penetration of the non-conducted 
impulse B. And furthermore, of two impulses 
which are both apparently blocked due to a 
short rest period in the A-V junction, the one 
yecurring after a shorter cycle penetrates 
deeper into the conduction system. Thus, dif- 
ferent conditions of recovery are produced at 
different levels of the junctional tissues, the 
total effect of which becomes manifest as suc- 
cess, failure or prolonged duration of a subse- 
quent conduction. It would appear that this 


A B 


duction system. Lewis and Master!® have 
pointed out that deviations from the expected 
recovery curve occur when conduction is in a 
critical state as with the last conducted im- 
pulse preceding a dropped beat. Undoubtedly, 
variations in penetration of non-conducted im- 
pulses occur under similar circumstances and 
are responsible for variations in conduction of 
subsequent beats. This is clearly illustrated in 
figure 7, which represents a case with Wencke- 
bach periods and concealed A-V conduction 
during sinus rhythm.* Without appreciable 
change in the length of the preceding cycle, a 
non-conducted impulse (5th P wave) in figure 
7A penetrates the A-V junction partially, as 


Cc D 


Fic. 6. Schematic diagram to illustrate the influence of the extent of penetration of a non-con- 
ducted auricular impulse upon transmission of the next two successive impulses. Discussed in text. 
Conventions as in figure 1; in addition, A, B, C and D are successive auricular impulses. The 
broken line (r) indicates the duration of the rest period in the A-V junction. The shaded areas indi- 
cate the extent of shortening of a cycle by concealed A-V conduction. 


complex mechanism is effective in cases of au- 
ricular flutter where no definite A-V ratio can 
he established (as in 11.8 per cent of our ob- 
servations listed in table 2). 

Actually, our assumption of a constant 
cegree of penetration of the non-conducted 
impulses into the higher level of the A-V junc- 
tion where the halving of the rate occurs is a 
simplification. We know that at this level too, 
‘arying penetration occurs which has been as- 
sumed to explain the alternation of short and 
Img R-R intervals both in auricular flutter 
\ith 2:1 A-V conduction‘ and in sinus rhythm 
\ith 2:1 A-V block.® 

Variations in cycle length are not the only 
f.ctor controlling the degree of penetration of 
1 on-conducted auricular impulses into the con- 


evidenced by the P-R prolongation of the sub- 
sequent beat, or penetrates more deeply (7B) 
and prevents conduction of the following beat, 
or (7C) becomes a conducted impulse. Finally, 
another factor which may also come into play 
in cases of auricular flutter with depressed A-V 
conduction is the supernormal phase of re- 
covery which may likewise account for some 
unexplained variations of A-V conduction. 
With a higher degree of conduction delay, 
an A-V ratio of 6:1 may be produced as in our 
figure 3C. A 5:1 ratio was not found among 
our cases, but may occur under conditions 


*This case was previously published by H. K. 
Hellerstein as an instance of atrial infarction, proved 
at autopsy (Am. Heart J. 36: 422, 1948). 
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discussed above. The next step would be 8:1 
A-V conduction; however, the low ventricular 
rate produced with this ratio permits the ap- 
pearance of nodal escapes which obscure the 
true A-V ratio. If finally the nodal beats be- 
come dominating, the pattern of complete A-V 
block characterized by regular ventricular rate 
and varying F-R intervals may appear in the 
tracing. In one instance of our series (figure 


occurs under digitalis medication, it may be of 
clinical importance to distinguish between ex- 
trasystolic ventricular bigeminy and aberra- 
tion of intraventricular conduction of trans- 
mitted auricular impulses. 


SUMMARY AND CONCLUSIONS 


1. Fifty-nine electrocardiograms of auricular 
flutter obtained on 27 patients were analyzed 


Fic. 7. The effect of the extent of penetration of a non-conducted auricular impulse (fifth P 
wave) upon the conduction of a subsequent impulse (6th P wave) in a case of sinus rhythm with 2nd 
degree A-V block. Note that the varying penetration of the fifth auricular impulse does not depend 
upon the length of the preceding cycle. Conventions as in figure 1. (A) Lead CF: (B) Lead IT (C) 


Lead I. 


4) incompleteness of the A-V block was mani- 
fested by occasional ventricular capture simi- 
lar to that seen in sinus rhythm. 

In figure 5 it was shown that premature 
beats with aberrant intraventricular conduc- 
tion appearing during auricular flutter are not 
always of ectopic origin, but may be produced 
with A-V conduction if the refractory period 
of the ventricular muscle is prolonged due to 
a preceding long ventricular cycle.” : '* Thus a 
ventricular bigeminy can be imitated with var- 
iations of the ratio of A-V conduction. If this 


in order to determine the ratio of A-V conduc- 
tion and study the factors controlling A-\ 
conduction in auricular flutter. 

2. In the untreated patient, an A-V ratio 
of 2:1 with a constant F-R interval and a 
regular ventricular rate was most common and 
a ventricular rate of over 100 was considered 
evidence of normal A-V conductivity. The 2:1 
A-V ratio was explained as a phenomenon of 
physiological interference of the rapid auricula1 
impulses and the relatively long refractory pe- 
riod of the A-V junction. A persistent 4:1 A-\ 
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ratio with constant F-R interval or a transition 
‘rom 2:1 to 4:1 ratio with varying F-R inter- 
val was seen most often after digitalization. 

3. One-half of the records of auricular flut- 
er with an irregular ventricular rate revealed 
un arrangement of the ventricular complexes 
n definite groups identical in structure with 
he Wenckebach periods observed in cases of 
sinus rhythm with second degree A-V block. 
Such records were interpreted as indicating a 
double region of block, with interference and 
ialving of the auricular rate at the higher level 
f the A-V junction and block with the 
Wenckebach phenomenon at the lower, affect- 
ing only those impulses which passed the upper 
region of block. 

4. The evidence for the double region of 
block in cases of auricular flutter with irregu- 
lar ventricular conduction supports a like ex- 
planation for the predominance of even ratios 
of A-V conduction in auricular flutter. 

5. The consistent finding of long A-V con- 
duction times (F-R intervals) in auricular 
flutter (0.26-0.46 sec.) is ascribed to concealed 
conduction of non-conducted auricular im- 
pulses preceding the conducted ones. 

6. Analysis of the records suggests varying 
extent of penetration of non-conducted auric- 
ular impulses as a result of variations of the 
refractory period of the junctional tissues; such 
varying concealed conduction is responsible for 
variations in conduction of the subsequent 
heats, 

7. Penetration into the A-V junction of a 
non-conducted auricular impulse impairs the 
conduction of the next impulse and, by so 
doing, indirectly inhibits also the conduction 
f the second subsequent impulse; the latter 
cffect is opposite to its simultaneous enhancing 
ffect on the refractory period of this beat, 
ought about by shortening of the preceding 
yele due to the concealed conduction. 

8. The complex interplay of the various fac- 

ws controlling A-V conduction and the un- 
| redictable deviations occurring when conduc- 
‘on is in a critical condition due to the rapid 
:imulation, are responsible for the failure to 
tnravel the mechanism of A-V conduction in a 
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number of cases of auricular flutter with ir- 
regular ventricular response. 

9. Premature beats of bizarre contour, ap- 
pearing during auricular flutter, may be due 
to activation of an ectopic focus or to aberrant 
intraventricular conduction of transmitted flut- 
ter impulses. The latter interpretation should 
be considered, if the aberrant beat terminates 
a short cycle which follows a long ventricular 
pause. 
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BACTERIAL ENDOCARDITIS 


Djordjevic, B. S., and Rotovic, A.: The Value of 
Weltmann’s Reaction in the Differential Diag- 
nosis of Subacute Bacterial Endocarditis and 
Rheumatic Endocarditis. Arch. d. mal. du coeur 
42: 909 (Sept.), 1949. 

One hundred ninety Weltmann coagulation tests 
were performed on 80 cases of subacute bacterial 
endocarditis and on an equal number of cases of 
rheumatic endocarditis. The results of this test were 
compared with the sedimentation rate. The coagu- 
lation band was found to be broadened (up to 
sample 8 or 10) in most of the cases with subacute 
bacterial endocarditis. It was shortened, normal or 
only slightly broadened (never over sample 7) in 
eases with rheumatic endocarditis, regardless of 
whether heart failure was present or absent. No 
correlation could be established with the degree of 
increase of the sedimentation rate. Weltmann’s re- 
action represents a valuable diagnostic method for 


the distinction of the two types of endocarditis. 
Pick 


BLOOD COAGULATION 


Mosonyi, L., Palos, L. A., and Komaromy, J.: 
Penicillin and Blood-Coagulation. Acta med. Scan- 
dinav. 185: 458 (Oct.), 1949. 

The authors conducted a series of experiments 
demonstrating that the effect of penicillin on the 
coagulation of blood depends on the phase in the 
process of clotting in which the drug is added to 
the system. If introduced into the circulation, peni- 
¢ llin accelerates coagulation and gives rise to throm- 
bas formation by inhibiting the inactivation of 
t:rombin probably by way of the oxidizing activity 

its SH group. However, if penicillin in high con- 

atration is added to the second phase of the clot- 

t ag system containing fibrinogen either in vitro or 

|.» application to the surface of a wound, it acts on 

t-e fibrinogen in a manner which inhibits its pre- 

¢ pitation. These findings explain the seemingly con- 
udietory observations made by various authors. 

ScHWARTZ 


 allerton, H. W., and Anastasopoulos, G.: Antico- 
agulant Therapy. Brit. M. J. No. 4643: 1492 
Dec. 31), 1949. 
According to the authors, in order to prevent intra- 
\ascular clotting, the clotting time should be main- 


tained at about 30 minutes with heparin. The more 
efficacious method of accomplishing this is through 
continuous intravenous drip instead of the usual 
practice of intravenous injections of 50-75 mg. 
every four hours. 

In the prothrombin test for the control of di- 
cumarol treatment, the authors have substituted 
viper venom for rabbit brain powder as a source of 
thrombokinase. However, they point out that when 
this is done, the greatest possible precautions must 
be taken to avoid hemolysis. No evidence is pre- 
sented to show that this modification makes the 
test any more sensitive than the original method of 
Quick. 

ABRAMSON 


Overman, R. S., and Wright, I. S.: The Effect of 
Aminophylline on the Prothrombin Time of Nor- 
mal Human Plasma. Am. Heart J. 39: 65 (Jan.), 
1950. 

Using the Link-Shapiro modification of the Quick 
one-stage method for the determination of the 
prothrombin level, the authors studied the effect of 
oral administration of clinical doses of aminophylline 
in 15 normal subjects. This drug had no effect on 
the prothrombin time determination. 

ABRAMSON 


Overman, R. S., Newman, A. A., and Wright, I. S.: 
Plasma Prothrombin Times in Normal Human 
Subjects. The Effect of Certain Factors on the 
Prothrombin Time. Am. Heart J. 39: 56 (Jan.), 
1950. : 

The authors studied the effect of a number of 
different factors on the prothrombin times of normal 
subjects. The normal mean prothrombin clotting 
times, on the basis of 828 determinations on 25 sub- 
jects, was found to be 15.8 seconds, with a standard 
deviation of 1.22 seconds. The ingestion of a meal, 
strenuous but not prolonged exercise, and a high 
cholesterol diet did not materially affect the pro- 
thrombin time. 

ABRAMSON 


Horan, F. E., Hirsch, F. G., Wood, L. A., and Wright, 
I. S.: Surface Effects on Blood-Clotting Com- 
ponents as Determined by Zeta-Potentials. J. 
Clin. Investigation 29: 202 (Feb.), 1950. 
Zeta-potentials or surface potentials were meas- 

ured by the authors in silica and silicone-coated 
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capillary tubes for dilute solutions of blood, serum, 
plasma, plasma fractions and three anticoagulants 
(heparin, paritol and “phosphatide inhibitor’’). They 
found that the zeta-potentials of the protein solu- 
tions were practically identical at a pH of 6.9. A 
serum gave a more negative potential than its 
parent plasma without an anticoagulant and this in 
turn was more negative than oxalated plasma. The 
work suggests that either zeta-globules or fibrinogen 
or both are the essential surface coating protein in 
plasma. As a general rule, heparin caused the zeta- 
potentials of the various solutions tested to become 
more negative but had no effect on bovine crystal- 
line albumin. 
BUTTERWORTH 


CONGENITAL ANOMALIES 


Lequime, J., Denolin, H., and Pannier, R.: Ca- 
theterization of the Coronary Sinus in Man. Arch. 
d. mal. du coeur 42: 811 (Aug.), 1949. 

In a 20 year old patient with cyanosis since child- 
hood the diagnosis of tricuspid stenosis and non- 
functioning right ventricle was based on the following 
findings: left axis shift in the electrocardiogram and 
an enlarged left and a small right ventricle in the 
x-ray examination. During one of several unsuccess- 
ful attempts to pass a cardiac catheter into the 
right ventricular cavity, the tip of the catheter took 
an unusual course in an upward and backward di- 
rection. Blood samples from this position revealed 
an oxygen content of only 6.39 volumes per cent 
compared with 13.85 in the blood obtained from the 
right auricle and 19.44 in blood from the femoral 
artery. Diminution of pulmonary circulation and its 
failure to increase on demand was demonstrated by 
a decrease of the oxygen utilization coefficient during 
exercise. The authors emphasize the importance of 
catheterization of the coronary sinus in the study of 
coronary circulation and of the metabolism of the 
heart. 

Pick 


Kjaergaard, H.: Coronary-Arterial Hypoplasia with 
Paroxysmal Tachycardia and Sudden Death. Acta 
med. Scandinav. 135: 439 (Oct.), 1949. 

The author describes the clinical course and au- 
topsy findings of a patient who showed congenital 
hypoplasia of the circumflex branch of the left 
coronary artery and of the left ventricular wall. 
The patient, several members of whose family had 
suffered sudden cardiac deaths, was an apparently 
healthy woman. At the age of 29 the patient began 
to have fainting spells which recurred at intervals of 
approximately one year until the age of 36 when a 
series of severe attacks occurred. At that time ex- 
amination revealed the condition to be due to 
Adams-Stokes attacks resulting from paroxysmal 
ventricular tachycardia. Two years later the patient 
died suddenly, presumably during a similar attack 


and autopsy revealed the underlying cardiac ano- 
maly, 


ScHWARTZ 


Selzer, A.: Defect of the Ventricular Septum. Arc}. 

Int. Med. 84: 798 (Nov.), 1949. 

The author reports 12 cases of uncomplicate | 
ventricular septal defect in which autopsy was pe.- 
formed, and presents the clinical and patholog : 
findings in these and in 80 other cases in the lite - 
ature. Taussig’s division of defects of the ventricul: r 
septum into “simple” and “high” categories :s 
clinical entities is not confirmed. It is suggest«.| 
that the typical interventricular foramen is relate | 
to the same process of maldevelopment which i1 
severer forms causes the Eisenmenger complex, th» 
tetralogy of Fallot and transposition of the arteri: | 
trunks. For that reason, all degrees of transition: | 
forms can be found. The presence of cyanosis ma’ 
be a more reliable factor in differentiating ventricu- 
lar septal defect from the Eisenmenger complex than 
the appearance of the pathologic specimen, since re- 
construction of the aortic orifice in its proper re- 
lation to the defect during life may be difficult. 
Smaller defects of the ventricular septum may have 
no effect on circulatory dynamics, whereas larger 
ones almost always lead to considerable overloading 
of the pulmonary circulation with dilatation of the 
pulmonary artery and hypertrophy, strain, and 
failure of the right ventricle. 

The rough and loud systolic murmur at the lower 
left sternal border was observed fairly consistently 
in this series and can be considered pathognomonic 
for defect of the ventricular septum. There was no 
apparent relation between the intensity of the mur- 
mur and the size of the defect, and loud systolic 
murmurs were heard in cases of complete absence 
of the ventricular septum. Early diastolic blowing 
murmurs at the left sternal border were common. 

BERNSTEIN 


Tourniaire, A., Devrieux, F., and Tartulier, M.: 
Ebstein’s Disease. Arch. d. mal. du coeur 42: 
1211 (Dec.), 1949. 

The authors present a case of Ebstein’s syndrome 
(congenital downward displacement of the tricuspid 
valve into the right ventricle and patent foramen 
ovale) in a 39-year-old woman who had no history 
of rheumatic fever or other diseases. She had fre- 
quent attacks of supraventricular tachycardia but 
manifested no other cardiac symptoms. The elec 
trocardiogram revealed a right bundle branch block 
X-ray examination showed a markedly enlarge: 
right heart and calcification of the tricuspid valve. 
Tricuspid insufficiency was recognized clinically anc 
confirmed by catheterization. Tricuspid insufficienc: 
can be diagnosed by physical examination and fron 
the hepatic and jugular tracings. The combinatio: 
of this valvular defect with the patency of the fora 
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:aen ovale can be diagnosed definitely only by means 
f angiocardiography or catheterization. 
LUISADA 


ibbott, O. A.: Congenital Aneurysm of Superior 

Vena Cava. Ann. Surg. 181: 259 (Feb.), 1950. 

The author reports a case of primary aneurysm 
if the superior vena cava in a 19 year old white 
aale. Since angiocardiographic studies revealed a 
usiform dilatation of the vessel, exploratory thora- 
otomy was performed. Multiple grape-sized small 
neurysms were found on the antero-medial surface 
of a large aneurysmal sac attached to the superior 
‘ena cava. The entire vessel was surrounded by 
cellophane. Several months later angiocardiographic 
examination revealed a definite reduction in size of 
the aneurysm. 

ABRAMSON 


CONGESTIVE HEART]FAILURE 


Zak, E. R.: Liver Function in Cardiac Failure. 

Acta med. Scandinay. 134: 428 (Nov.), 1949. 

The author reviews the role of the liver in cardiac 
failure, particularly in regard to altered hemody- 
namics and water metabolism. Engorgement of the 
liver in cardiac failure may be either passive or ac- 
tive. Passive congestion accompanied by elevated 
venous pressure is best seen in severe cardiac failure. 
However, an enlarged liver may precede the rise in 
venous pressure. Among 30 cases of cardiac failure 
with enlarged liver collected at random by the 
author, a normal venous pressure was observed in 9 
cases. Findings of this type can be explained by a 
throttle mechanism of the liver veins mediated by 
smooth muscle sphincters. These are probably stimu- 
lated to contract by reflex action originating in the 
right heart with resultant active congestion of the 
liver. 

In both liver disease and in cardiac failure with 
chronic liver congestion an intracutaneous wheal of 
sodium chloride solution disappears more rapidly 
than in the normal subject. This finding indicates 
«n increased avidity for water on the part of the 
skin in these abnormal conditions. The inability of 
‘he diseased liver to destroy the antidiuretic hor- 
none may play a part in this process, although so- 
cium retention by the kidney may be the decisive 

actor. The author has demonstrated that this 
: tered behavior of the skin affects the spreading of 
other intracutaneously injected matter, such as 
lood, trypan red, or histamine-like substances. 

This reduced permeability of the skin is accom- 
nied by reduced water evaporation and sweat 
ecretion from the skin observed in chronic conges- 
ive failure. Damage to the liver due to long stand- 

ig congestion may be responsible for reduced in- 
ensible perspiration. In studies of. liver damage 
aused by chloroform or carbon -tetrachloride it has 


been shown that there is a resultant decrease in in- 
sensible loss of water from the skin. 
ScHWARTZ 


Scébat, L., Maurice, P., and Lenégre, J.: Action of 
a Mercurial Diuretic on the Right Heart of Cardiac 
Patients. Arch. d. mal. du coeur 42: 1149 (Dec.), 
1949. 

Right heart catheterization was performed in 8 
cardiac cases during and after intravenous injection 
of a mercurial diuretic (Novurit). Both right auricular 
and right ventricular pressure were markedly de- 
creased after the injection. The effect started within 
13 minutes and lasted from 30 to 80 minutes. The 
pressures of the right cardiac chambers were lowered 
from 25 to 30 per cent. The use of mercurial diuretics 
in the emergency treatment of paroxysmal pulmo- 
nary edema is suggested. Three cases treated by the 
authors manifested a very favorable course. 


LUISADA 


Scheinberg, P.: Cerebral Circulation in Heart Fail- 

ure. Am. J. Med. 8: 148 (Feb.), 1950. 

In 16 observations on 14 patients in congestive 
heart failure with low cardiac output the mean 
cerebral blood flow was 39 per cent less than the 
mean for normal young subjects. Since the average 
reduction in cardiac output in a comparable group 
was 41 per cent, the reduction in blood flow to the 
brain may be considered proportionate to the fall in 
cardiac output. Although the mean increase in 
cerebral arteriovenous oxygen difference of patients 
with congestive failure was 41 per cent over that 
for normal subjects this did not compensate for the 
decrease in mean cerebral blood flow, for the mean 
cerebral oxygen consumption was reduced signifi- 
cantly below the normal value. Cerebral glucose 
utilization was also reduced. Cerebral vascular re- 
sistance was increased 100 per cent over the normal. 
It is considered that rise in venous pressure and thus 
in intracranial pressure are little if at all related to 
this increased resistance. These studies are com- 
patible rather With the assumption that the increase 
in resistance in the cerebral vessels results from 
vasoconstriction. 

LEVINE 


CORONARY ARTERY DISEASE, 
MYOCARDIAL INFARCTION 


Morrison, L. M., and Johnson, K. D.: Cholesterol 
Content of the Coronary Arteries and Blood in 
Acute Coronary Artery Thrombosis. Am. Heart 
J. 39: 31 (Jan.), 1950. 

The cholesterol content of the anterior descend- 
ing branch of the left coronary artery, the blood 
serum cholesterol and ester levels, and the gross ap- 
pearance of the aorta and coronary arteries (for evi- 
dence of atherosclerosis) were studied in 11 patients 
who had died of acute coronary artery thrombosis 
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and in a comparable group of 14 patients who had 
died of causes other than coronary artery thrombosis. 
The average age for the 2 groups was 64 and 62 
years, respectively. The average cholesterol content 
of the coronary artery was 20.4 mg. per Gm. of 
dried coronary artery weight, with a range of 8.1 
to 36.5 mg. in the acute thrombosis group. This value 
was found to be 5.1 mg. with a range of 0.6 to 8.1 
mg. in the control group. The average blood chol- 
esterol was 303 mg. with a range of 210 to 411 mg. 
in the acute thrombosis group, whereas it was 186 
mg. with a range of 148 to 241 mg. in the control 
group. 

It is concluded that these findings suggest a dis- 
turbance in lipid metabolism as a factor in the 
pathogenesis of atherosclerosis. 

ScHWARTZ 


Fagin, I. D., and Chapnick, H. A.: Clinical Patterns 
of Myocardial Infarction in Ambulant Patients. 
Ann. Int. Med. 32: 243 (Feb.), 1950. 

The electrocardiograms of a gainfully employed 
group of workers subscribing to a union health 
service were reviewed. From this group, the case 
histories of 100 persons whose electrocardiograms 
displayed evidence of recent or antecedent myo- 
cardial infarction and who were ambulatory, were 
selected for more detailed analysis in order to corre- 
late the clinical findings with the electrocardio- 
graphic abnormalities. It was noted that only 52 of 
this number had presented a symptom complex 
typical of acute coronary occlusion though many of 
these had been so diagnosed in retrospect after the 
results of electrocardiographic studies were obtained. 
In 7 patients, myocardial infarction was an inciden- 
tal electrocardiographic finding; these patients pre- 
sented no cardiac symptoms. Forty-one patients had 
only mild symptoms suggesting cardiac insufficiency 
such as exertional angina and/or dyspnea. Of the 
whole group, only 6 were totally disabled; the others 
were able to continue at their jobs even though some 
had intermittent symptoms suggestive of coronary 
or myocardial insufficiency. 

WENDKOs 


Zinn, W. J., and Cosby, R. S.: Myocardial Infarc- 
tion. I. Statistical Analysis of 679 Autopsy- 
Proven Cases. Am. J. Med. 8: 169 (Feb.), 1950. 
In a statistical study of 679 necropsies on patients, 

showing old or recent myocardial infarction the 

authors found that the age at death averaged 67.8 

years. This study, contrasting with most previous 

reports, showed no significant difference between 
the sexes in incidence or in age at death when con- 
sidered in relation to the incidence and age at death 
in both sexes in the general autopsy population 

(5943 deaths) during the same period. The mortality 

rate with single infarcts and the incidence of rupture 

was greater among women than among men and in- 
farction tended to occur a few years earlier in women 


than men. It seemed that women are more likel) 
than men to suffer a fatal outcome from an initia 
infarct, which is evidence perhaps of an inadequati 
collateral circulation in women. There was no strik 
ing evidence that hypertension is more common i 
female than in male victims of myocardial infarction 
There was a distinctly lowered incidence of myo 
Cardial infarction among Negroes but it was fel 
that the significance of this change cannot be evalu 
ated at this time. There was a greater incidence o 
infarction among diabetic women than amon: 
women in the entire sample. The average age a 
death among the diabetic group was 3.6 year: 
younger than that for the general series. The im 
mediate prognosis of the acute attack is much mor 
serious in the diabetic than in the nondiabetic. Th 
evidence suggested to the authors that the diffi 
culty in the control of the diabetic state itself, anc. 
not the structural arterial alterations, is the primar: 
factor in shortening the life expectancy of these dia 
betics. 


LEVINE 


Bogoch, A., and Christopherson, E. F.: Calcified 
Cardiac Aneurysms. Ann. Int. Med. 32: 295 
(Feb.), 1950. 

On the basis of personal experience with 2 cases, 
and on the basis of a review of the findings in pre 
viously reported cases in the medical literature, the 
authors discuss the radiologic detection of calcifica 
tion in the cardiac region as an aid in the diagnosis 
of a ventricular aneurysm secondary to myocardial 
infarction. Calcification in the wall of such aneu- 
rysms is a relatively uncommon occurrence. The 
calcification may involve the laminated clot or the 
wall of the aneurysmal sac. Calcification of a car 
diac aneurysm has to be differentiated from calci- 
fied pericardium such as may occur in constrictive 
pericarditis. In aneurysm, the calcified shadow is 
usually linear, limited to the left ventricle, and sit- 
uated within the heart contour. Pericardial calcifi- 
cation produces a thicker and more irregular shadow 
not restricted to the left ventricle and situated out- 
side the heart contour. Electrocardiographic study) 
helps to differentiate these two causes of calcification 
in the cardiac region inasmuch as the changes indica 
tive of antecedent myocardial infarction would tend 
to support the diagnosis of a calcified ventricular an- 
eurysm. Calcification of a ventricular aneurysm may 
become evident radiologically within a short period 
of time or it may take years to develop. 

WENDKOs 


ELECTROCARDIOGRAPHY 


Zemplenyi, T.: Synchronic Registration of Standard 
and Unipolar Limb Leads by the “Differentia! 
Method.” Casop. lek. cesk. 88: 1376, 1949. 
The Swedish three beam electrocardiograph (Sys- 

tem Elmquist) is constructed in such a way that one 
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oscillograph (Lead III) inscribes the difference be- 
t'veen the curves registered by the two others (Lead 
I. minus Lead I). By an appropriate connection of 
tie patient with the system the author was able to 
register simultaneously two of the “unipolar” limb 
lads and the standard lead derived automatically 
from them. If a correct technic is used; such differ- 
e itial leads are identical with the respective stand- 
avd (bipolar) leads, obtained in the customary way. 
The main advantage of the method, which was 
t ied out in 320 routine examinations, consists in the 
s nchronous registration of standard and “unipolar” 
| mb leads, which enables one to study their relation- 
ship in a very clear and instructive manner. 
Pick 


Soulie, P., Laham, J., and Papanicoliés, I.: Electro- 
cardiographic Study of Parietal Aneurysms of the 
Apex of the Heart. Arch. d. mal. du coeur 42: 
869 (Sept.), 1949. 

Following a study of 15 cases (7 with necropsy) 
of apical aneurysm and a review of the literature, 
the authors arrived at the following conclusions: A 
ventricular aneurysm should be considered if, in the 
presence of signs of apical infarction, a marked 
axis deviation either to the right (+ 120° to —90°) 
or to the left (—70° to —90°), is found in the elec- 
trocardiogram. Similarly, posterolateral infarcts with 
low voltage in left-sided precordial leads and left 
axis deviation (—70° to —90°) are suggestive of 
a ventricular aneurysm. Axis deviation progresses 
with: the development of an aneurysm. It seems 
that aneurysms following infarction of a heart which 
was previously not enlarged have a tendency to 
produce right axis shift, in contrast to the produc- 
tion of left axis shift if an aneurysm develops in a 
heart with marked hypertrophy. Persistence of RS-T 
deviations can accompany these changes. The elec- 
trocardiogram has a definite value in the diagnosis 
of a ventricular aneurysm; however, absence of the 
described changes does not exclude the presence of 
an aneurysm. 

Pick 


Fumagalli, B.: Unipolar Interpretation of the Peri- 
pheral Electrocardiogram. Arch. d. mal. du coeur 
42: 891 (Sept.), 1949. 

The author claims that there is no fundamental 
difference between “unipolar” and “bipolar” limb 
leads. By means of experiments the author tried to 
piove this assumption, which is derived from theo- 
retie considerations. To a conventional, normal or 
alnormal electrocardiogram he added a reversed 
Lad Vr. He found that if the different leads are 
aranged in the order, Vi, 1, —Vr, 2, Vr, 3, a 
gadual transition of upright to inverted QRS-T 
complexes can be seen. In the author’s opinion this 
p oves that each of these leads, whether “unipolar” 
o “bipolar,” represents the projection of the frontal 
vector upon a different frontal axes two of which 


always form an angle of 30°. The series of leads 
used by the authors can therefore be properly 
designated by the symbols V_20°, Vo, Vio°, Veo, 
V0, Viz0°. 

According to the author’s concept, the standard 
limb leads do not represent complex leads derived 
from the unipolar leads, but both sets of leads have 
the same origin. Unipolar limb leads can therefore 
not replace the standard leads, but only add to the 
information gained by the latter. A modern electro- 
cardiogram consists of two phases of exploration, 
one in the frontal plane (limb leads) and another in 
the horizontal plane (precordial leads). 

Pick 


Coraboeuf, E., and Weidmann, S.: The Potential 
of the Cardiac Muscle at Rest and during Activity 
Measured by Penetrating Electrodes. Compt. 
rend. Soe. de biol. 148: 13829 (Oct.), 1949. 

The authors measured the potential within iso- 
lated Purkinje fibers of the dog’s heart by inserting 
microelectrodes through the cellular membrane. The 
magnitude of the rest potential was found to be 60 
to 82 mv, (the average of 11 measurements was 71 
mv). These values exceed the values found for sur- 
face potentials. The true intracellular values may 
be larger since shunts produced by the manipulation 
of the membrane cannot be excluded. During ac- 
tivity of the fiber the potential returned to zero 
level without “overshooting.” After several hours of 
observation it was noted that the change from rest 
to activity potential occured less abruptly and to a 
lesser extent. 

Pick 


Coraboeuf, E., and Weidmann, S.: Action Poten- 
tials of the Heart’ Muscle Obtained by Intra- 
cellular Microelectrodes. Presentation of a Rever- 
sion of Potential. Compt. rend. Soc. de biol. 
143: 1360 (Oct.), 1949. 

“xperimenting under more physiologic conditions 
on the isolated Purkinje fiber of the dog’s heart, the 
authors obtained values for the intracellular rest 
potential of 75 to 80 mv. With the improved technic 
they were able to demonstrate an “overshooting” 
of the action potential beyond the zero level, which 
they had failed to observe in previous experiments. 

Pick 


Unghvary, L.: The Cause of the Electrocardiographic 
Changes from Arborization Block. Cuore e cir- 
colaz. 83: 257 (Oct.), 1949. 

Experimental studies on dogs are reported in 
which either a branch of the bundle of His was cut, 
or the coronary sinus ligated. Ligation of the coro- 
nary sinus caused venous stasis in the myocardium 
followed by low voltage. The combination of low 
voltage due to venous stasis plus the typical bundle 
branch block pattern was similar to the electro- 
cardiographic pattern which has been called “ar- 
borization block”. 
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The author, therefore, attributes the ‘“arboriza- 
tion block” pattern to the combination of bundle 
branch block and venous stasis which is quite com- 
mon as a result of heart failure. 

LUISADA 


Biocca, P., Masini, V., and Sposito, M.: Electro- 
cardiographic Studies after Pneumonectomy and 
Lobectomy. Cuore e circolaz. 33: 292 (Oct.), 
1949, 

Electrocardiographic changes were found in 58 
per cent of the patients on whom pneumonectomy 
or lobectomy had been performed. In 16 per cent 
of cases, there was high voltage of the P wave. This 
was interpreted as evidence of slight auricular dam- 
age following surgery. Alterations of the S-T seg- 
ment were found in 52 per cent of the cases. In the 
first days after the operation, these S-T segments 
had the form typical of acute pericarditis (elevation 
of S-T in all leads) and were transitory. In some 
cases, late permanent alterations of the T wave 
were observed (flat or inverted T wave of low vol- 
tage), especially in Leads I, II, V, and V.. This was 
interpreted as evidence of myocardial damage fol- 
lowing initial pericarditis. After surgery, premature 
beats were observed in 14 per cent of cases and 
auricular fibrillation in 5 per cent. The latter was 
considered to be related to auricular damage. The 
electrocardiographic patterns were not closely re- 
lated to the clinical conditions, the postoperative 
course, or suppurative complications. 

LuIsADA 


Scherf, D., and Terranova, R.: Mechanism of Auric- 
ular Flutter and Fibrillation. Am. J. Physiol. 
159: 137 (Oct.), 1949. 

The topical application or subepicardial injection 
of aconitine (0.05 cc. of a 0.05 per cent solution of 
aconitine crystals, Merck) into the head of the sinus 
node induced auricular fibrillation after vagectomy 
in 27 adult dogs. Cooling the site of injection changed 
the fibrillation activity to flutter and then resulted 
in auricular paralysis. Fibrillation reoccurred on 
warming. In some instances the flutter resulting 
from cooling was of low rate with long auricular 
pauses between the cycle, with records resembling 
auricular paroxysmal tachycardia with A-V block. 
Alternation of cycle length during flutter was fre- 
quently present. Normal sinus rhythm was reestab- 
lished by local application of potassium or quinidine. 

The authors advance their hypothesis that auric- 
ular flutter and auricular fibrillation are the result 
of rapid stimulus formation in one center with the 
appearance of islets of refractory tissue in the auricles 
(previously postulated by Lewis) forcing the excita- 
tion wave to take a circuitous path. Although vagal 
stimulation inhibits auricular activity in sinus tachy- 
cardia and certain types of auricular paroxysmal 
tachycardia, it increases the rate of auricular ac- 
tivity in the aconitine-induced irregularities. It is 


speculated that stimuli which are inhibited by vag:.| 
stimulation are rhythmically formed while auricul:r 
fibrillation and flutter and the aconitine irregula:'- 
ties are the result of continuous stimulation. Tie 
auricular response in the latter would then depei 4 
on the refractory period of auricular tissue ad 
the changes induced by vagal stimulation would ‘ 
the result of a shortening of the refractory pha e 
induced by vagal stimulation. 
Hecur 


Unghvary, L.: Changes in the Position of Fronial 
and Spatial Axes during the Development of tie 
Heart and Their Relation to Precordial Lead:. 
Ztschr. f. Kreislaufforsch. 38: 674 (Nov.), 1949 
In 300 healthy individuals ranging in age fro a 

infancy to 60 years, the author determined tle 

direction of the electrical axis of QRS and T. Tie 
direction in the frontal plane was constructed froia 
the standard leads; to determine the axis in a hori- 
zontal plane the author used two leads, the first in 
anteroposterior direction in the midline, the other 
from the right to the left midaxillary line. From 
infancy to the age of 60 years the R axis changes in 
the frontal plane from about + 100° to 0° and in tiie 
horizontal plane from +40° to —40°, ie. from an 
anterior direction to a backward direction. At the 
same time a shift of the T axis can be noted. In the 
frontal plane it first shifts from 0° to +60° and then 
again back to 0°. The change in the horizontal plane 
is the same as that of the R axis. The author con- 
cludes from this study that an inverted T wave in 

CF, can be considered abnormal only in persons 

over 15 years; in CFs, only in persons 30 years of 

age. The change of the axes with increasing age 
occurs more slowly in females than in males. 
Pick 


Gadermann, E., and Renner, W.: An Investigation 
of the Relationship of Hypertension and Pulmo- 
nary Emphysema with Special Reference to Elec- 
trocardiographic Findings. Ztschr. f. Kreislauf- 
forsch 38: 652 (Nov.), 1949. 

Of 450 patients with essential hypertension one- 
third were found to have clinical and roentgenologic 
manifestations of pulmonary emphysema. The aver- 
age blood pressure values (190/100) were found to be 
identical in patients with and without emphysema. 
Heart failure was found to be present in half of 
the patients with emphysema and in only one-fourth 
of the patients without emphysema. A comparative 
study of the electrocardiograms of both groups re 
vealed no significant differences as far as axis devi:- 
tion was concerned. Marked sinus arrhythmia an 
P pulmonale were found more often in the group wit: 
emphysema. A correlation of abnormal electrocardi« 
graphic findings with the presence of heart failur: 
was possible only in cases of hypertension withou’ 
pulmonary emphysema or in those cases of tl 
combined disease who had a marked left axis devi: 
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t on in the electrocardiogram. The author concludes 
tat the electrocardiogram is only of minor diagnos- 
tc and prognostic value in patients with hyperten- 
s on and concomitant pulmonary emphysema. 


Pick 


k.uehns, K.: The Value of the Ergotamine Test in the 

Interpretation of Abnormal T Waves. Ztschr. f. 

Kreislaufforsch. 38: 669 (Nov.), 1949. 

The author observed experimentally in rabbits 
that T-wave changes produced by adrenaline and 
considered to be coronary in origin could be pre- 
vented by injection of Hydrergin (hydrated ergot 
élkaloid). In two clinical cases, changes indicative 
cf coronary disease disappeared after treatment 
with the same drug. The author concludes that 
ergot alkaloids exert a direct effect on the coronary 
blood flow and the metabolism of the heart muscle. 
The value of the ergotamine test for the distinction 
of T-wave anomalies due to organic myocardial 
disease from those due to a vegetative dystonia is 
doubtful. 


Pick 


Oppenheimer, M. J., Long, J., Durant, T. M., and 
Wester, M. R.: Relation of Intraventricular Die- 
lectrics to Unipolar Leads. Am. J. Physiol. 159: 
476 (Dec.), 1949. 

By filling the right ventricle with the dielectric 
COs, the authors attempted to study the genesis of 
the electrocardiogram. With the dog in the supine 
position, there are (1) reduced QS and an increased R 
in Vr; (2) asimilar but smaller increased R in V1; (8) 
increased QS and decreased R in Vr. These and 
other results which were found when the heart was 
shifted, lend support to a “zonal interference” con- 
cept of the genesis of the electrocardiogram. 


Mokororr 
HYPERTENSION 


Smithwick, R. H.: An Evaluation of the Surgical 
Treatment of Hypertension. Bull. New York Acad. 
Med. 25: 698 (Nov.), 1949. 

The author states that in his own experience 66 
per cent of unselected hypertensives with cardio- 
vascular chanzes have a slight to marked reduction 
in blood pressure lasting one to five years but this 
falls to 47 per cent for the five to ten year follow-up 
vroup. The operative mortality is about 1 per cent 
but is higher if a transthoracic approach to include 
cardiac innervation is used. This latter technic is 
used in about 20 per cent of cases because of tachy- 
(ardia and postural hypotension. Evaluation of all 
cases after five to ten years indicates that hyper- 
tension is favorably modified by sympathectomy 
:s judged by eye grounds, electrocardiograms, 
blood pressure and total mortality, although the 
:uthor admits the difficulty of finding comparable 
case reports on unoperated hypertensives. 

- BUTTERWORTH 


Tibbetts, R. W.: Leukotomy and Hypertension. A 
Case Report. Brit. M. J. No. 4642: 1452 (Dec.), 
1950. 

The author presents the case report of a woman, 
age 54, who suffered suicidal depression, headache, 
disturbed vision with retinal hemorrhages and a 
blood pressure as high as 260 systolic over 160 
diastolic. Following a prefrontal leukotomy her blood 
pressure dropped to 160 systolic over 90 diastolic 
with complete relief of her headaches and retinop- 
athy. The author feels that results such as this 
occur only when a high degree of nervous tension 
underlies the hypertensive state prior to surgery. 
Leukotomy, by relaxing the nervous tension, is 
thought to be responsible for the result obtained. 
The question as to whether pressor substances have 
anything to do with producing such hypertension 
or whether thalamofrontal radiations are responsible 
is briefly discussed. 


TANDOWSKY 


Koppermann, E.: The Hemodynamic Picture of the 
Circulation in Hypertensive Patients before and 
after Treatment by Salt Free Diet and Bed Rest. 
Ztschr. f. Kreislaufforsch. 39: 2 (Jan.), 1950. 
The author reports his hemodynamic observations 

on 94 hypertensive patients divided into four groups. 
In the first group cases of essential hypertension, 
hypertonicity of the vessels of the optic fundus 
invariably was found. In the second group, hyper- 
tensives of older age, sclerotic changes of the fundi 
were more prominent. A third group, transitional be- 
tween groups 1 and 2, showed an incipient retinitis 
angiospastica with more marked and stable elevation 
of systolic and diastolic pressures. A last group, pa- 
tients with malignant sclerosis, showed some im- 
pairment of renal function, advanced retinitis and 
an abnormally high diastolic pressure. None of the 
patients was in heart failure. In all four groups of 
patients the cardiac output and the peripheral 
resistance were calculated by the method of Wesler 
and Boeger before and after treatment by salt 
free diet and bed rest. A decrease of peripheral 
resistance and normalization of the declining output 
could be noted in all four groups of hypertensive 
patients. This observation suggests a common pri- 
mary vascular mechanism in the pathogenesis of 
all forms of hypertension. 


Pick 


Koppermann, E.: The Dynamics of the Circulation 
in “Pale Hypertension” before and after the 
Onset of Renal Failure. Ztschr. f. Kreislaufforsch. 
39: 10 (Jan.), 1950. 

The author reports his hemodynamic studies of 7 
patients with primary vascular hypertension. With 
the onset of renal failure a marked increase of the 
peripheral resistance and a drop of the minute 
volume below normal values was noted. With pro- 
gression of renal failure pulse pressure and minute 
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volume increased, while the values calculated for 
the peripheral resistance became lower. The latter 
changes could possibly be related to the retention of 
substances normally excreted by the kidneys and 
to the development of anemia and hydremia or to 
both. 

Pick 


Friedenberg, S.: A Low-Sodium Diet for Hyperten- 
sive Vascular Diseases Precipitating Addison’s 
Disease and Miliary Tuberculosis. New England 
J. Med. 242: 277 (Feb.) 1950. 

The author discusses complications resulting from 
the use of a low sodium diet in the treatment of 
hypertensive cardiovascular disease and presents a 
case in which Addison’s disease and miliary tuber- 
culosis were precipitated by use of such a diet. 
A 63 year old housewife with a history of hyper- 
tension of 4 years duration was placed on a low 
sodium diet to control blood pressure. She steadily 
became weaker until 5 months later when she was 
admitted to a hospital presenting the clinical pic- 
ture of an addisonian crisis. She recovered after 
treatment with adrenocortical extract and other 
supportive measures. During the hospital stay a 
diagnosis of miliary tuberculosis was also made and 
she received 30 Gm. of streptomycin over a 30 
day period. The course of treatment was then inter- 
rupted by her unwillingness to remain in the hospital. 
Because of circumstances at home adrenocortical 
extract was not administered regularly and she re- 
turned to the hospital 4 months later in much the 
same condition as at the first hospitalization. She 
again responded to therapy, but a month after 
admission died suddenly. Postmortem examination 
proved death to be due to miliary tuberculosis and 
adrenal insufficiency. 

The author presents the possibility that a low 
sodium diet over many weeks may disrupt adreno- 
cortical function, and this in turn, lowering defense 
mechanisms, may activate quiescent miliary tuber- 
cles. 

NADLER 


Arnold, H.: The Genesis of Arterial Hypertension. 
Deutsche med. Wehnschr. 75: 281 (March), 1950. 
The author observed the development of transient 

and permanent hypertension following infectious 

diseases like scarlet fever, diphtheria, angina lac- 
unaris, typhoid fever, epidemic hepatitis, icterus 
infectiosus, and malaria. He presents diagrams of 
the clinical course of 4 patients, one of whom died 
following scarlet fever and at autopsy did not show 

“chronic nephritis” but scars in the kidneys from 

pyelonephritis. 

The author presents a critical analysis of the 
present concepts of hypertensive disease. In his 
opinion, the Goldblatt mechanism is insufficient to 
produce persistent hypertension in patients with no 


predisposition to arterial disease. The latter condi 
tion can be inherited or acquired. Adequate stimuli, 
such as disturbances in regulation of vascular reac- 
tions following infectious diseases, may give rise to 
permanent arterial disease leading to sustained hy- 
pertension. Primary renal hypertension does not 
exist in human pathology. 
Pick 


Hawthorne, E. W.: Experimental Renal Hyperten 
sion in the Dog following Renal Ischemia. Proc 
Soc. Exper. Biol. & Med. 78: 353 (March) 
1950. 

The author studied the effect of preliminary 
renal ischemia produced by bilateral renal artery 
occlusion for two, four, five and six hours on sub- 
sequent experimental renal hypertension production 
on 19 dogs. The experimental renal hypertension was 
produced by a standard technic of renal artery con- 
striction. The results suggest that previous renal 
damage of either a mild or a severe degree has an 
effect on experimental renal hypertension. Seven 
dogs receiving mild renal injury showed a very high 
rise in mean arterial pressure in the first month 
following bilateral renal artery constriction and 
a subsequent fall in pressure to near normotensive 
levels. Four dogs that survived more severe renal 
damage showed slight to no rise in mean arterial 
pressure during the first three or more months 
following bilateral renal constriction. Of the 4 dogs 
who survived severe renal damage, one showed an 
abrupt rise in mean arterial pressure in three months 
and another in five and one-half months after bilat- 
eral renal artery constriction. 

MINTz 


Wilkins, R. W.: Veratrum Viride and Essential 
Hypertension. New England J. Med. 242: 535 
(April), 1950. 

The author reviews the current studies evaluating 
the use of veratrum viride in the therapy of essential 
hypertension. The hypotensive effects have been 
shown to be vasodilator mediated from the central 
nervous system. After therapy with this drug, the 
cardiac output does not decrease but may increase; 
the renal and portal blood flow decreases intially 
but returns to normal when the blood pressure stabi- 
lizes. 

The beneficial effects of this drug are illustrated 
in a study of 34 patients. The arterial blood pressure 
was decreased in 80 per cent of this group. Only 
rarely did the blood pressure return to normal. 
In general, signs and symptoms were favorab)) 
affected or unchanged in patients whose arterial 
pressures were lowered. Untoward effects were nausea 
and vomiting and collapse reactions. Though dis- 
turbing, they generally did not necessitate discon- 
tinuance of the drug. 

NADLER 
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Mennell, E. R., and Gregg, D. E.: A Small Adjust- 
able Renal Artery Clamp for Production of Chronic 
Hypertension in the Rat. Proc. Soc. Exper. Biol. 
& Med. 78: 645 (April), 1950. 

A small adjustable silver clamp, modeled after the 
larger Goldblatt clamp, was designed and applied 
to both renal arteries of rats in order to induce 
chronic hypertens‘on. Blood pressures, before and 
after operation, were determined in the hind leg of 
11 unanesthetized rats by a modification of the 
method of Kersten and co-workers. Control blood 
pressures before operation varied from 100 to 125 
mm. Hg. Eight of the rats attained a blood pressure 
level of at least 160 mm. Hg within 8 to 21 days 
after the clamps were applied at one operation to 
both renal arteries. In 2 rats such an elevated blood 
pressure developed somewhat later. One rat died 
with massive infarcts of both kidneys after the 
application of the clamps. The blood pressures 
remained elevated (160 up to a maximum of 220 
mm. Hg) for months in 9 of 11 rats. 

Mintz 


Martorell, F.: Hypertensive Ulcer of the Leg. An- 

giology 1: 133 (April), 1950. 

According to the author, the hypertensive supra- 
malleolar ulcer is the result of ischemia secondary to 
obliterative lesions of the small arterioles resulting 
from hypertension. The lesions are specific and are 
similar to those found in other localities in hyper- 
tensive patients. Clinically the ulcer is bilateral and 
symmetrical, painful, resistant to treatment, and 
unrelieved by bed rest. There is no visible circula- 
tory change in the lower extremities and usually no 
edema. The diagnosis is based on hypertension in the 
upper and lower extremities, characteristic antero- 
lateral location of the ulcer, the finding of perceptible 
pulses in all arteries of lower limbs, and no disturb- 
ance of the venous circulation. Lumbar sympathec- 
tomy will heal the ulcer. Thirteen case reports are 
included. 

WESSLER 


PATHOLOGIC PHYSIOLOGY 


Hilden, T.: On the Pathogenesis of Acute Pulmo- 
nary Edema. Acta med. Scandinav. 136: 162, 
(Suppl. 234), 1949. 

In paroxysmal nocturnal dyspnea and acute pul- 
nonary edema associated with hypertension many 
1emodynamic and neurogenic factors are known to 
5e involved. To clarify the position of cardiac output 
n this scheme the author describes two mechanisms 
or increasing the output: (1) increased emptying 
of the left ventricle, and (2) increased filling from 
he veins. The emptying mechanism is at work when 
he increased cardiac output is due to a decreased 
eripheral resistance; it causes a decrease in pul- 
nonary congestion. The filling mechanism applies 


when there is an increased venous return; it in- 
creases pulmonary congestion. This becomes active 
in recumbency. 

In the transition from rest to work heart size is 
not increased nor is vital capacity decreased (consist- 
ent with an emptying mechanism), in the transition 
from an erect to a recumbent position the heart size 
is increased and vital capacity reduced (consistent 
with a filling mechanism). Therapeutically, the filling 
mechanism is interrupted by the erect-position, tour- 
niquet, venesection, aminophylline and morphine. 
Reducing the blood pressure starts the emptying 
mechanism, aminophylline, concentrated glucose and 
tetraethylammonium bromide are useful. 

WaAIFE 


PATHOLOGY 


Nieth, H.: Histologic and Cytologic Studies of the 
Human Heart Muscle Following Hypertrophy and 
Failure. Beitr. Z. Path. Anat U. Z. allg. Path. 
110: 618 (Dec.), 1949. 

The author studied the histologic changes of 
different parts of the right and left ventricle in 25 
hearts with hypertrophy and compared them with 
changes in 8 normal hearts. In hypertrophic muscle 
fibers the nuclei were found to be enlarged and 
spherical. Frequently a double nucleus or a chain of 
nuclei was present. In some of the fibers multiple 
nuclei were found in an irregular arrangement. 
The increase of size of the muscle fibers was due to 
a thickening of the fibrils without significant in- 
crease of the content of sarcoplasm. With marked 
hypertrophy, necrosis and scar tissue were found in 
certain areas of predilection. mainly in the subendo- 
cardium of the affected ventricle. These changes, 
ascribed to chronic coronary insufficiency, are the 
most important factor in the development of failure 
of a heart with hypertrophy. 

Pick 


Kiloh, G. A.: Pure Aortic Stenosis. Brit. Heart J. 

12: 33 (Jay.), 1950. 

The author analyzes the clinical features of 27 
instances of pure aortic stenosis occurring in subjects 
under the age of 50 years. Of these 27 cases 26 did not 
give a history of rheumatic fever; 20 were male. 
Only 8 gave symptoms of cardiac disease. Of the 15 
cases seen personally an aortic thrill was palpable 
in all and in only one instance was the apical im- 
pulse abnormal. The second aortic sound was normal 
in 11 and diminished in intensity in 4 patients. The 
blood pressure was normal in all. Twelve had nor- 
mal electrocardiograms. Three showed left ventric- 
ular preponderance. X-ray showed moderate cardiac 
enlargement in 2, slight enlargement in 12 and no 
enlargement in 1. The ascending aorta was prom- 
inent in 14 of 15 cases that had roentgenograms and 
calcification of the aortic valve was seen in 8 of these 
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15 patients. On the basis of these findings, the 
author believes that this lesion cannot be differen- 
tiated from subaortic stenosis except possibly by 
angiocardiography. He doubts that the lesion is of 
rheumatic origin. 

SoLoFF 


Fisher, B., and Salmons, J. A.: Healing Incomplete 
Spontaneous Rupture of the Aorta. Arch. Path. 
49:27 (Jan.), 1950. 

This is the case report of a Negro man, aged 56 
years, with hypertension (240/150), who originally 
complained only of left-sided chest pain and dyspnea 
but ultimately died of progressive congestive heart 
failure. Necropsy revealed a transverse rupture of 
the intima of the aorta, involving almost the entire 
circumference 2.5 cm. above the sinus of Valsalva. 
There was a small zone of dissection in each direc- 
tion from the rupture, but the rupture was incom- 
plete and the entire lesion was covered by an endo- 
thelial surface. The adventitial was uninvolved. 
Microscopically there was an endothelial layer cov- 
ering the interrupted portions and continuous with 
the intact margins of the aorta above and below the 
rupture. 

The authors comment upon the infrequency of 
this lesion, and emphasize that it may be missed 
at autopsy if the aorta is cut off shortly above the 
valve ring. It is of interest that such an extensive 
tear involving almost the entire circumference re- 
mained incomplete, and that death occurred from 
congestive heart failure instead of aortic rupture 
with hemopericardium. 

GOouLEY 


PHARMACOLOGY 


Sanabria, A.: Cytochrome ‘“‘C” and Anoxia. Arch.d. 

mal. du coeur 42: 915 (Sept.), 1949. 

The author reports his experience in the treat- 
ment of patients with signs of defective tissue oxy- 
genation by daily intravenous injection of oxy- 
genated cytochrome C in doses of 20 to 100 mg. 
Some improvement could be observed in cases with 
Adams-Stokes syndrome, in cases of intermittent 
claudication and in certain cases of pulmonary em- 
physema. No effect was obtained in 5 cases with 
angina pectoris, in one case of myocardial infarction 
and in two cases with advanced heart failure. In a 
case of arterial hypertension with persistent symp- 
toms after sympathectomy, application of cyto- 
chrome C was followed by remarkable subjective 
improvement and a marked drop of blood pressure. 
Toxic signs observed during the treatment were 
urticaria and chills; there were febrile reactions in 
some cases. 

Pick 


Raab, W.: Propyl Thiouracil for Angina Pectoris. 
Acta med. Scandinav. 135: 364 (Oct.), 1949. 
Nine patients with angina pectoris were treated 


over periods of from 5 to 16 months with daily doses 
of propyl thiouracil ranging between 100 and 300 
mg. One patient responded with complete disap- 
pearance of symptoms which remained absent 19 
months after discontinuation of the medication. 
There was a marked reduction in the number and 
severity of attacks in 4 others, improvement was 
moderate in one case, slight in another, and in 2 pa 
tients there was no response. Improvement occurre: 
on an average approximately 10 weeks after the be 
ginning of therapy. The initial basal metabolic rat 
did not materially influence the results and ther 
was no close correlation between the degree of dimi 
nution of the basal metabolic rate and the degree o 
improvement. 

Toxic side effects were not noted. In one case ther 
was a transient slight leukopenia. There were 3 in 
stances of fatal coronary occlusion during treatment, 
and 2 others occurred 3 weeks and 6 months, re 
spectively, after propyl thiouracil therapy was dis 
continued. In addition there was one nonfatal coro- 
nary infarction which occurred during treatment. 
Although this death rate appears high and there 
may be a connection between the treatment and re- 
sulting hypercholesterolemia, it is pointed out that 
in another series of 10 propy] thiouracil-treated cases 
no instance of coronary infarction or death was re- 
ported. 

It is suggested that combining propyl thiouracil 
therapy with x-ray irradiation of the adrenals may 
prove to be even more effective in angina pectoris by 
reducing the specific effects of epinephrine and sym 
pathin upon the myocardium. 

ScHWARTZ 


Lippman, R. W.: Effect of Proteinuria on Toxicity 
of Mercurial Diuretics in the Rat. Proc. Soc. 
Exper. Biol. & Med. 72: 682 (Dec.), 1949. 

The administration of human albumin to rats, 
with resultant proteinuria, prior to the giving of 
mercurial diuretics sharply reduces the renal toxicity 
of the mercurial. This effect is attributed to inhibi- 
tion of mercurial reabsorption when the tubules are 
saturated with protein. The simultaneous adminis- 
tration of human albumin and the mercurial diuretic 
enhances toxicity. This effect is attributed to the 
more rapid absorption of the mercurial, concomitant 
with more rapid reabsorption of protein during the 
tubular loading phase. 

MInTz 


Norcross, J. W.: Quinidine as a Cause of Throm- 
bocytopenic Purpura. New England J. Med. 242: 
53 (Jan.), 1950. 

The author reports the clinical course of a patient 
who developed thrombocytopenic purpura of the 
cerebral type fo!lowing the administration of quini- 
dine sulfate. The patient received 0.37 Gm. of quini- 
dine sulfate at the onset of an attack of paroxysmal 
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auricular tachycardia and received an additional 0.2 
Gm. after it has persisted for one hour. Recovery 
followed treatment with snake venom and several 
small transfusions. Further investigation revealed 
that a quinidine idiosyncrasy of this type had re- 
sulted on two previous occasions. Review of the 
literature emphasizes the rare occurrence of this 
specific type of sensitivity. The author was able to 
find only two previous reports of thrombocytopenia 
following quinidine administration. 
NADLER 


Talbott, J. H.: Use of Lithium Salts as a Substitute 
for Sodium Chloride. Arch. Int. Med. 85: 1 (Jan.), 
1950. 

Human subjects were given lithium chloride ex- 
perimentally to note its effects. The average daily 
consumption of lithium chloride was approximately 
0.5 Gm. per person per day in patients with cardiac 
failure, hypertension or cirrhosis of the liver with 
ascites. A total of 14 normal persons ingested 1.56 
Gm. of lithium carbonate daily which is approxi- 
mately four times the determined average daily in- 
take per person. In 6 subjects the serum lithium con- 
centration was 0.5 mEq. per liter or less and in only 
1 was it as high as 1.1 mEq. Some gastrointestinal 
irritability was noted in 6; correlation was observed 
between this symptom and the elevated serum 
lithium. The distress subsided after cessation of the 
intake. Three subjects experienced drowsiness. There 
were no symptoms reported at lithium levels below 
0.7 mEq. 

The hospital patients, under treatment for a va- 
riety of conditions, including diabetes mellitus, car- 
diac decompensation and chronic nephritis, received 
lithium carbonate tablets in quantities equivalent 
to 2.2 to 4.6 Gm. of lithium chloride daily. The long- 
est period of forced ingestion in this series was nine- 
teen days. Two patients complained of gastrointesti- 
nal irritability and 1 of depression, 1 of tremors, 1 of 
anorexia and tremors and 1 of gastrointestinal dis- 
tress and tremors. In 4 of the 5 instances maximum 
serum lithium levels ranged from 2.3 mEq. to 3.9 
mEq. per liter. Minimum serum sodium levels in 
these 5 patients ranged from 127.0 to 141.5 mKq. 
per liter. Untoward reactions were not found except 
in association with serum lithium concentrations 
above 1.0 mEq. per liter. 

The incidence of valid reactions due to the in- 
gestion of lithium is unknown. Reports of lithium 
intoxication which have appeared recently in the lit- 
erature have been associated with the intake of sur- 
prisingly large amounts of lithium chloride. Sodium 
chloride deficiency per se or other factors, such as 
the presence of a debilitating disease, the adminis- 
tration of mercurial diuretics or digitalization, may 
be associated with many of the symptoms which have 
been attributed to lithium intoxication. 

. BERNSTEIN 


Berris, B., and Aagaard, G. N.: Effect of Piperi- 
dylmethyl Benzodioxane on the Cold Pressor Re- 
sponse. Proc. Soc. Exper. Biol. & Med. 73: 287 
(Feb.), 1950. 

This study was done to determine the effect of 
piperidylmethyl benzodioxane on the cold pressor 
response, in order to elucidate whether or not epi- 
nephrine is responsible for the rise in blood pressure 
on immersion of the hand in cold water. Piperidyl- 
methyl benzodioxane did not block the cold pressor 
response in any of the patients studied. The lack of 
blocking suggests that the response is not due to the 
release of epinephrine since piperidylmethyl benzo- 
dioxane is said to have an adrenolytic action. The 
fact that cold stimulation causes a rise in both sys- 
tolic and diastolic blood pressure also suggests that 
this response is on a neurogenic rather than an 
epinephrine-induced basis. 

Mintz 


Mechelke, K. and Nusser, E.: Changes of Cardiac 
Dynamics Caused by Privine and Otrivine in 
Healthy Individuals. Arch. f. exper. Path. u. 
Pharmakol. 209: 1 (Feb.), 1950. 

The authors examined the action of Privine (2- 
naphthyl(1)-methylimidazolin) and of Otrivine (2- 
(beta-phenylethylamino)-imidazoline chlorhydrate) 
on 5 healthy medical students. Cardiac output was 
measured by the method of Broemser-Ranke. With 
the aid of simultaneous registration of carotid pulse, 
electrocardiogram and stethogram, the duration of 
mechanical systole and of the ejection period was 
measured. From these values the length of the iso- 
metric period was calculated. One half mg. of the 
drugs was injected intravenously. In all experiments 
the heart rate fell, the isometric period became pro- 
longed, and the peripheral resistance was increased 
by 200 to 300 per cent. The cardiac output rose 
initially and diminished later with the increase of 
peripheral resistance. The ejection period was less 
prolonged than the presphygmic period. 

ScHERF 

Freis, E. D., Stanton, J. R., and Moister, F. C.: As- 
say in Man of the Chemical Fractions of Veratrum 
Viride, and Identification of the Pure Alkaloids 
Germitrine and Germidine as Potent Hypotensive 
Principles Derived from the Drug. J. Pharmacol. 
& Exper. Therap. 98: 166 (Feb.), 1950. 

In a study attempting to identify the hypotensive 
principle(s) of veratrum viride and, if possible, sepa- 
rate it from toxic principles responsible for side ef- 
fects encountered in the use of the crude drug, 
several fractions of veratrum viride were given to a 
group of hypertensive patients. Since the previously 
known benzene-extractable alkaloids were found to 
be inactive, products obtained from the further puri- 
fication of the residual amorphous fraction were 
studied. Fractions I and II were found to produce 
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hypotensive effects on both oral and intravenous ad- 
ministration. Germine, a crystalline alkaloid ob- 
tained by hydrolysis of these amorphous fractions, 
was inactive, but its two esters, germitrine and ger- 
midine, were active in doses of 1 and 3 mg., respec- 
tively. Moreover, germerine, a partial hydrolysis 
product of germitrine, was also active, though larger 
doses were required for comparable hypotensive ac- 
tion. The toxic side effects of the crude drug were 
encountered with all the above fractions. 
GROSSMAN 


Hafkenschiel, J. H., Crumpton, C. W. and Moyer, 
J. H.: The Effect of Intramuscular Dihydrocor- 
nine on the Cerebral Circulation in Normotensive 
Patients. J. Pharmacol. & Exper. Therap. 98: 144 
(Feb.), 1950. 

In 5 normotensive subjects, cerebral blood flow 
and oxygen consumption were measured both prior 
to and following the intramuscular administration 
of 0.4 mg. of the adrenergic blocking drug, dihydro- 
cornine. Despite a significant decrease in mean arte- 
rial blood pressure, the cerebral blood flow was main- 
tained almost at control levels, indicating a decrease 
in cerebral vascular resistance. This effect was 
smaller than that encountered in hypertensive pa- 
tients, presumably because of the greater control 
vascular resistance found in the latter. The decreased 
resistance in the present subjects was sufficient to 
prevent decrease in cerebral blood flow and to main- 
tain normal oxygen uptake and undiminished oxygen 
content of the internal jugular vein. 

GROSSMAN 


Winsor, T.: Effects of SC 1950 (2,6-Dimethyl Di- 
ethyl Piperidinium Bromide) on Peripheral Circu- 
lation. Proc. Soc. Exper. Biol. & Med. 73: 417 
(March), 1950. 

SC 1950 is a ganglionic blocking agent which in 
animal experiments has proved to be several times 
as potent as tetraethyl ammonium bromide. The 
author found that SC 1950 produces a fall in blood 
pressure in normal individuals as well as in patients 
with peripheral vascular disease, but in the latter 
group this response is subject to considerable varia- 
tion. The fall in systolic pressure is greater than the 
fall in the diastolic pressure. The pulse rate is fre- 
quently elevated but considerable variations occur 
following the administration of SC 1950 intrave- 
nously. The pulse volume of the digits showsa marked 
increase in normal individuals, is somewhat less in 
patients with moderate peripheral arterial disease, 
and varies only insignificantly in patients with ad- 
vanced organic peripheral arterial disease. The skin 
temperature of the digits rises sharply, often as 
much as 8 C. in normal individuals, while little 
change is observed in patients with advanced pe- 
ripheral disease. Digital blood flow in normal in- 
dividuals shows a marked increase, while it rises only 


slightly in patients with moderate or advanced pe- 
ripheral arterial disease. 

From these observations the author concludes, 
that SC 1950 is an effective spasmolytic agents 
capable of increasing the blood flow to the peripheral! 
blood vessels, but it produces side reactions upon 
intravenous as well as rectal administration. The 
side reactions occurred in one-fourth of the subjects 
studied by the author. These responses included 
nasal obstruction, sighing respirations, weakness, 
nausea, dizziness, sleepiness, restlessness, angina, 
dry mouth, swelling of the throat, heavy eyelids, 


visual disturbances and thick speech. 
MINTz 


PHYSICAL SIGNS 


Lian, C. and Welti, J. J.: The Systolic Triple 
Rhythms. A Study of the Symptomatology. Rea- 
sons for Retention of the Term “‘Gallop Rhythm’’. 
Acta cardiol. 6: 109, 1950. 

The authors distinguish between two types of 
systolic triphasic rhythm according to the position 
of the additional sound in the heart cycle. The first 
type is protosystolic, the extra sound being super- 
imposed on the second half of the first sound, some- 
times producing a prolongation of the latter. When 
heard at the base, it usually has its origin in the pul- 
monary artery; when present over the apical region 
it can be ascribed to a pericardial vibration. The 
second type is meso- or telesystolic and is produced 
by an additional and distinct snap best heard be- 
tween the xipoid process and apex. It is sometimes 
succeeded by a telesystolic murmur which is due to 
a momentary tension of a pleuropericardial adhesion. 
These types of systolic triple rhythm are different 
in genesis and meaning from a gallop rhythm. The 
latter term should be restricted to abnormal diastolic 
sounds caused by an irregular filling of a failing 
ventricle. 

Pick 


Miller, M., and Groedel, F. M.,: Esophageal Phono- 
cardiography. Exper. Med. & Surg. 8: 34 (Feb.), 
1950. 

The authors present phonocardiograms, taken at 
various levels inside the esophagus, from 1 non 
cardiac and 2 cardiac patients. In the noncardiac 
patient, the esophageal phonocardiogram revealed 
an auricular sound which was not present on the 
phonocardiogram taken from the chest wall. Th: 
phonocardiograms from the 2 cardiac patient: 
showed a high-pitched, loud systolic murmur wher 
taken from the chest wall and a softer, lower-pitche: 
murmur when recorded in the esophagus. There wa: 
no auricular sound in any of the tracings from the 2 
cardiac patients. 

GELFAND 
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PHYSIOLOGY 


Kobrak, E.: A Study of Tonus and Vascular Tonus 
with Special Reference to Circulatory Problems. 
Ztschr. f.d.ges. inn. Med. 4: 577 (Oct.), 1949. 
Tonus is a quality of contractile, living substance 

which becomes apparent in the form of resistance 
against forces which produce tension or which have 
a general tendency to produce dislocation. In con- 
trast to elasticity, also found in nonliving substrates 
like caoutchouc, resistance due to tonus is variable 
and is controlled by hormonal and nervous in- 
fluences, the latter originating either centrally in 
the hypo. ~ mus or in the periphery. Variations in 
tonus are acco...panied by variations in turgor, irrita- 
bility and reactivity, and, in the capillary system, 
by changes of secretion and transudation. 

To measure the tonus of skin arterioles in man, 
suction was applied to a limited area of the chest 
and the hyperemic reaction following different 
degrees of negative pressure—measured by a ma- 
nometer—was compared in normal and abnormal 
individuals. The authors observed three types of ab- 
normal response. The first, indicating a constantly 
increased tonus, was found in persons with a ten- 
dency to “spasticity” (ulcus ventriculi, migraine). 
A second type, showing great variations of the re- 
action, was found in women during the menopause 
and in patients with a marked lability of the blood 
pressure and other vasomotor reactions. The third 
group with constantly and abnormally low tonus of 
the skin vessels consisted mainly of patients with 
signs of hyperactivity of the thyroid gland. 

Pick 


Binet, L., and Burstein, M.: Demonstration of a 
Vasoconstrictive Factor in the Arterial Blood of 
the Dog following Centripetal Stimulation of the 
Vagus Nerve. Compt. rend. Soc. de biol. 143: 1344 
(Oct.), 1949. 

The authors perfused the denervated hind leg of 

a dog with arterial blood of another dog. If in the 

latter animal the proximal end of the vagus was 

stimulated faradically, a rise in blood pressure oc- 

‘urred not only in the donor animal but also in the 

verfused leg of the receptor animal. A synthetic 

sympatholytic drug (883 F) did not prevent this 
yhenomenon. The authors conclude that the vaso- 
onstrictive substance appearing in the blood follow- 
ng vagus stimulation is not identical with epi- 
iephrine. 

Pick 


3inet, L., and Burstein M.: Passage into the Blood 
of a Vasoconstrictive Substance of Cerebral Origin 
following Centripetal Stimulation of the Vagus in 
the Dog. Compt. rend. Soc.de biol. 143: 1347 
(Oct.), 1949. 
If the denervated hind leg of a dog is perfused 


with venous blood from the jugular veins of another 
dog, a rise of blood pressure in the perfused leg of the 
receptor animal can be noted following faradic stimu- 
lation of the central end of the vagus of the donor 
animal. The effective vascoconstrictive substance 
appearing in the blood following stimulation of the 
vagus is a cerebral origin and is probably produced in 
the posterior lobe of the hypophysis. 
Pick 


Williamson, B.: Diastole. Edinburgh M. J. 56: 601 

(Dec.), 1949. 

The importance of diastole in the cardiac cycle is 
emphasized. Diastole is not a negative phase and is 
considered the more important phase of the cardiac 
cycle since it decides the welfare of the myocardium 
itself. Tachycardia, which shortens diastole more 
than systole, should be controlled in order to give 
the myocardium better circulation. Distinction be- 
tween the tachycardia which is compensatory to a 
loss in myocardial force and that which results from 
extracardiac demands must be made in all cases. 
The apnea test will cause an increase in heart rate 
where there is a loss of myocardial force in the ab- 
sence of increased metabolic rate. In extrinsic tachy- 
cardia with sympathetic excess (not accompanied by 
an increase in metabolism as found in hyperthyroid- 
ism or febrile states), the induction of apnea usually 
produces a pronounced slowing action through the 
vagus. 

The heart slows overnight because of the influence 
of the vagus. Thus diastole is prolonged. The blood 
pressure falls with the slowing of the pulse and if 
arteriosclerosis is added a triad is present which ac- 
counts for the nocturnal incidence of thromboses, 
both cerebral and coronary. The author suggests the 
use of whisky as a night cap to raise the metabolism. 
Thyroid an hour or so before sleep may serve the 
same purpose. Adrenaline solution as a solvent for 
atropine, a vagal inhibitor, and strychnine, a central 
stimulant, may be used. Simple vagotonia may be 
counteracted by belladonna, caffeine or Benzedrine. 

e GELFAND 


RHEUMATIC FEVER 


Clemmesen, S.: Rheumatic Fever Statistics in Den- 
mark from 1878 to 1946 and their Significance in 
Prophylaxis. Acta med. Scandinav. 136: (Suppl. 
234) 109, 19-19. 

Reliable data concerning the incidence of rheu- 
matic fever and sore throat in Denmark since 1878 
is available. The incidence of rheumatic fever at all 
ages has decreased through the years. The iucidence 
now is so low that the question of prophylaxis has 
not arisen. The peaks of curves of sore throat and 
rheumatic fever correspond and suggest epidemics 
produced by hemolytic streptococci. However, the 
total curve of the incidence of rheumatic fever is 
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falling while that for pharyngitis is rising. This sug- 
gests that most cases of pharyngitis today are 
caused by agents that do not cause rheumatic fever 
or else that over predisposing and precipitating 
factors play a role in determining the incidence of 
rheumatic fever. 

WAIFE 


Wasson, V. P., Miley, G. P., and Dunning, P. M.: 
Ultraviolet Blood Irradiation Therapy (Knott 
Technique) in Rheumatic Fever in Children. Ex- 
per. Med. & Surg. 8: 15 (Feb.), 1950. 

From 22 hospitalized children with acute rheu- 
ma‘ic carditis and 86 outpatient children with acute 
or subacute rheumatic fever with or without carditis, 
1.5 ce. of blood per pound of body weight were re- 
moved, citrated and exposed to ultraviolet light and 
returned to the same vein. This procedure was re- 
peated weekly, then biweekly and then at gradu- 
ally increasing intervals. A rapid subsidence of all 
toxic symptoms occurred in 20 of 22 children; the 
average time for subsidence was 3 to 4 days. Defi- 
nite cardiac improvement was noted in all, cardiac 
murmurs became less audible or disappeared, and 
the exercise tolerance became normal. Only one re- 
currence of the rheumatic state was noted in the 2 
to 4 vear follow-up study. Only 2 recurrences (0.8 
per cent) developed in 107 cases of rheumatic fever 
which received ultraviolet irradiation prophylacti- 
cally and which were followed for 2 to 4 years, during 
which time no other prophylactic treatment was 
given. 

WaAIFE 


Fjellman, A. A.: Rheumatic Fever in the Aged. 

Nord. med. 3: 381 (March), 1950. 

The total number of patients hospitalized since 
January 1942 in Vasa Hospital, Gothenburg, was 
14,700. Senile rheumatic fever was diagnosed in one 
patient only. This patient was a 75 year old man 
who developed rheumatoid arthritis which, after a 
period of relief, recurred. The course, sedimentation 
rate, antistreptolysin titer, and electrocardiogram 
showed changes typical of rheumatic fever with 
acute carditis. After 11 weeks hospitalization the 
patient was discharged free from symptoms and 
signs. 

AUTHORS 
ROENTGENOLOGY 
Anderson, T.: A Design for an Electrokymograph 
and Some Fundamental Considerations on the 

Electrokymogram. Acta radiol. 32: 276, 1949. 

The filtering of interfering frequencies in the exist- 
ing types of electrokymographic apparatus imposes 
its own frequencies which approach the frequency 
band that it is desirable to record. Since certain 
phases of the heart cycle to be recorded are ex- 
tremely rapid, these filter frequencies may interfere 
with the shape of the resulting curves. Four common 


types of interferences may be present: those asso- 
ciated with the photomultiplier tube working «t 
1000 volts or more, with main line fluctuations, or 
with ripple frequencies due to valve tube rectific:.- 
tion, and interference from outside power sources. 

The author describes two electrokymograph'¢ 
channels built into one machine with the interferirg 
frequencies mentioned above either eliminated >r 
modified insofar as possible. These electrokym)- 
grams are fed into a four channel photograph ic 
recording device, making possible the additional 1»- 
cording of two electrocardiograms or one sphygm) 
gram plus one lead of an electrocardiogram. Carot'd 
sphygmography is accomplished by means of a 
piezoelectric pickup unit so that no appreciab e 
time lag appears in the recording system. Time r>- 
lationships with the electrocardiogram are not r- 
garded as being precise enough. The relationship »f 
heart contour motion to changes in density of the 
part of the heart covered by the slit is discusseil, 
The author concludes that an appreciable but vari- 
able portion of the recorded curve is due to differen- 
ces in density. 

ScHWEDEL 


Ducuing, J., Pons, H., and Enjalbert, A.: Abdominal 
Aortography. J. de radiol. et d’electrol. 30: 497. 
1949. 

The authors quote Dos Santos who states that 
over 3,000 aortographies have been performed with- 
out serious sequelae. Under general anesthesia, a 
needle 12 cm. or longer is directed anteriorly and 
medially to the left of D1 and D2 until the ab- 
dominal aorta is entered. Ten to twelve cc. of the 
organic iodine dye is then injected and appropriate 
roentgenograms taken. The injection may be re- 
peated. This procedure is useful in visualizing dis- 
ease of the abdominal aorta itself and of some of its 
main branches. Adjacent tumor masses may be 
differentiated from aneurysms. The cause for dimin- 
ished arterial circulation to the extremities can be 
determined. 

SCHWEDEL 


SURGERY IN HEART AND 
VASCULAR SYSTEM 


Donovan, T. J.: The Uses of Plastic Tubes in the 
Reparative Surgery of Battle Injuries to Arteries 
with and without Intra-arterial Heparin Adminis- 
tration. Ann. Surg. 130: 1024 (Dec.), 1949 . 
Polyethylene tubes were used to bridge gaps in 

the thoracic aorta of dogs, in order to determine the 

bodily reactions to this type of procedure. Sever! 
of the animals died of aortic rupture while others 
lived up to one year after the operation. Anastomosis 
of the femoral artery was performed, using bot 
polyethylene and lucite tubes. However, the averag: 
duration of patency was only two days for the pol 
ethylene and three days for the lucite tubes. Soakir 
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tne tubes preoperatively with heparin did not affect 
tae tendency to thrombosis. Comparison of the re- 
sults obtained with the tubes with those results fol- 
lowing arterial ligation revealed that an adequate 
collateral circulation developed in the case of the 
former procedure, while after ligation, the limb was 
generally quite ischemic for the next twenty-four 
| ours. Intra-arterial administration of heparin ap- 
eared to prolong the period of patency of the vessel 
without causing a significant prolongation of the 
systemic clotting time. 
ABRAMSON 


Callow, A. D., and Welch, C. S.: Arterial Anas- 
tomosis in Experimental Arterial Injury. Surg., 
Gynec. & Obst. 90: 77 (Jan.), 1950. 

Because of the very high percentage of cases re- 
quiring amputation after ligation of femoral and 
popliteal arteries in the treatment of arterial injury, 
the authors carried out an experimental study on 
dogs of the various methods currently used for re- 
uniting severed vessels. It was found that arterial 
reunion by end-to-end suture, arterial hemograft 
bridge and nonsuture vein graft produced a success- 
ful result, provided the operation was performed in 
a clean wound immediately after arterial severance. 
The use of plastic tubing or other inert materials 
was not as satisfactory. 

ABRAMSON 


Young, R. L., and Derbyshire, R. C.: Ligation of the 
Inferior Vena Cava During Pregnancy. Ann. Surg. 
181: 252 (Feb.), 1950. 

This report deals with a patient in the early stage 
of pregnancy in whom the inferior vena cava was 
ligated as treatment for phlebothrombosis. Despite 
the procedure, no difficulty was encountered with 
regard to the pregnant state, and at the anticipated 
time a normal infant was born. The authors are of 
the opinion that during pregnancy the use of anti- 
coagulants in the treatment of venous thrombosis is 
hazardous, and, therefore, vein interruption, with 
extraction of the clot distal to the site of ligation, is 
the method of choice. Postoperative sympathetic 
blocks are of value in minimizing complications and 
in overcoming reflex spasm. 

ABRAMSON 


Albright, H. L., and Leonard, F. C.: Embolectomy 
from the Abdominal Aorta. New England J. Med. 
242: 271 (Feb.), 1950. 

The authors review 25 previously reported cases 
i. which aortic embolectomy was performed and add 
a detailed description of a twenty-sixth case in a 65 
year old woman with an embolism of the left pop- 
lteal region. Heparin and dicumarol were admin- 
istered, and left lumbar sympathetic block with 
ovocain was carried out. On the second day, the 
patient developed diagnostic signs of embolism of 
tie aorta, and within one and one-half hours of the 


acute episode, embolectomy was performed. The 
embolus was removed through an anterior incision 
in the aorta. Recovery followed. 

The authors conclude that embolectomy is the 
choice treatment in saddle emboli. This is to be 
combined with or followed by conservative measures 
such as anticoagulants and lumbar sympathetic 
blocks. They also believe that immediate operation 
yields results that are more successful than those ob- 
tained when a period of time elapses between oc- 
clusion and operation. 

NADLER 


THROMBOEMBOLIC PHENOMENA 


Harvey, W. P., and Finch, C. A.: Dicumarol Pro- 
phylaxis of Thromboembolic Disease in Congestive 
Heart Failure. New England J. Med. 242: 208 
(Feb.), 1950. 

Because of bed confinement, stasis of blood in de- 
pendent edematous legs, and perhaps damage to 
venous endothelium from pressure and anoxia, pa- 
tients with congestive heart failure are liable to 
thromboembolic phenomena. The authors, there- 
fore, studied the effectiveness of dicumarol in pre- 
venting such complication in these individuals. An 
attempt was made to maintain prothrombin time at 
approximately 30 per cent. In the control group of 
100 patients there were 13 pulmonary emboli and 
8 cases of thrombophlebitis, while in the dicumarol- 
treated group of 80 patients there were 2 question- 
able cases of pulmonary embolism and 1 definite and 
1 questionable case of thrombophlebitis. As a prob- 
able result of pulmonary embolism, 8 patients in the 
control group died, as compared with none in the 
dicumarol-treated group. 

It was concluded that in patients hospitalized 
with congestive heart disease, dicumarol therapy 
results in a significant reduction in thromboembolic 
disease and hence in the mortality in such a group. 

ABRAMSON 


McCann, J. C.: Thromboembolism. A Comparison 
of the Effect,of Early Postoperative Ambulation 
and Dicumarol on its Incidence. New England 
J. Med. 242: 203 (Feb.), 1950. 
The author studied the effect of various types o 

postoperative regimens on the incidence of throm- 

boembolism. In one series of 674 patients, the tradi- 
tional 10 day period of bed rest was used, and in 
this group there were 18 cases of thrombotic com- 
plications (2.7 per cent). In 85 ver cent of the second 
series of 640 cases, ambulation was permitted on the 
first to the third postoperative day, and at the same 
time care was taken to prevent pressure on the calf 
muscles in these patients, their extremities were 
kept in the elevated position while resting, and they 
all received small doses of epinephrine in oil, in order 
to stimulate the circulation. Despite all these meas- 
ures, 15 thrombotic complications occurred (2.3 per 
cent). In 95 per cent of a third series of 504 patients, 





632 ABSTRACTS 


ambulation was delayed to the third to the seventh 
day, and in this group 12 cases of thromboembolism 
(2.3 per cent) were encountered. Sixty per cent of 
the failures after early ambulation occurred in pa- 
tients past 50 years of age. When dicumarol was ad- 
ministered prophylactically to all patients not per- 
mitted ambulation on the first to the third day, the 
rate of thromboembolism dropped to 1.5 per cent. 
A prophylactic level of 40 to 50 per cent prothrom- 
bin index was obtained in each case, and at this 
range no significant bleeding was encountered. 
ABRAMSON 


Schenken, J. R., Slaughter, G. P., and De May, G. 
H.: Maternal Pulmonary Embolism of Amniotic 
Fluid. Am. J. Clin. Path. 20: 147 (Feb.), 1950. 
The authors add another to the 16 cases of em- 

bolism of amniotic fluid reported in the literature. 

During the course of labor, the patient suddenly 

developed marked cyanosis, air hunger and shock 

and then expired. At autopsy the pulmonary vessels 
were found to contain debris of amniotic fluid, and 
an intense local inflammatory reaction was noted. 

On the basis of an analysis of the cases in the 

literature, the authors conclude that a number 

of factors contribute to the pathogenesis of the con- 
dition, namely, entrapped amniotic fluid containing 
considerable debris, a rent in the fetal membranes, 
and uterine contractions of sufficient force to over- 
come the venous pressure in the open venous sinuses. 
ABRAMSON 


Andrus, W. D.: Peripheral Arterial Embolism. With 
Particular Reference to an Evaluation of Con- 
servative Treatment. Arch. Surg. 60: 511 (March), 
1950. 

On the basis of a study of 72 instances of embolism 
of the main vessels of the upper and lower extremi- 
ties, the authors came to certain conclusions re- 
garding the type of therapy to be used under various 
circumstances. In the case of an embolus of the saddle 
type or one involving either or both iliac arteries, 
there appears to be little question that for the pa- 
tients who can tolerate the operation, embolectomy 
is indicated. For embolism at all other locations 
conservative measures have produced as low a mor- 
tality rate as that reported in series in which em- 
bolectomy was performed. These conservative pro- 


cedures consist of anticoagulant therapy and means. 


aimed at the relief of spasm in the vessels of the 
extremity, including paravertebral sympathetic 
blocks, sympathectomy and papaverine. However, 
since the conservative approach is frequently fol- 
lowed by signs of a reduced circulation, such as 
intermittent claudication, embolectomy should be 
attempted in patients of the younger age group, pro- 
vided the condition is recognized within 12 hours of 
its inception and the embolism is secondary to old 
rheumatic heart disease in the absence of congestive 
heart failure. For the elderly patient with generalized 


arteriosclerosis involving the heart, the chances of 
improving the situation by adding embolectomy t 
the conservative measures now available are 
small as to contraindicate its use except in rar 
cases. 


ABRAMSON 


Pierce, F. R., and Domenici, T. J.: Problems an: 
Practices in a Community Hospitals. I. Treat 
ment of Venous Thrombosis. New England J. 
Med. 242: 395 (March), 1950. 

The authors review the various therapeutic ap- 
proaches to the problem of venous thrombosis as ob- 
served in a small general hospital. They point ou 
that although early ambulation should theoreticall 
be a desirable prophylactic measure, statisticall, 
there is no real evidence that this procedure re 
duces thrombotic episodes. Attention is called to th 
belief that anticoagulant therapy and venous inter- 
ruption are not competitive methods of treatment 
and that one need not be chosen to the exclusion ot! 
the other; they should be used singly or in combina 
tion, as required. 

Anticoagulants have been proved to be an effec- 
tive tool in the treatment of venous thrombosis. 
They should be continued until almost complete re- 
gression of swelling of the involved extremity has 
occurred in the case of deep thrombophlebitis and 
until tenderness and the Homans’ sign have dis- 
appeared in the case of phlebothrombosis. When pul- 
monary embolism exists, dicumarol is discontinued 
only after signs of consolidation in the chest are no 
longer present, when the sputum is no longer blood- 
tinged and the temperature, pulse and respiration 
have returned to normal. In the elderly patient the 
prophylactic measure of choice is venous inter- 
ruption rather than anticoagulant therapy. This 
rule also holds for the antepartum patient in whom 
venousthrombosisis suspected, sincedicumarol passes 
through the placenta and hence may have a dele- 
terious effect on the fetus. 

ABRAMSON 


VASCULAR DISEASE 


Denolin, H., Lequime, J., and Jonnart, L.: Arterio- 
venous Pulmonary Aneurysm. A Physiopathologic 
Study. Acta. cardiol. 5: 144, 1950. 

The authors report the case of a 19 year old male 
patient who, since the age of 15 years, had had 
progressive dyspnea, cyanosis and clubbing. The 
physical examination of the heart and the electro- 
cardiogram was normal. At the base of the lef 
lung a double murmur was heard and at x-ray ex 
amination a pear-shaped shadow with pulsation in 
the vertical direction was found adjacent to the left 
hilus The oxygen saturation of the arterial blooc 
was 85 per cent; the cardiac output, determined by 
Fick’s method, was 6.87 liters per minute, 3.12 liter: 
(45 per cent) of which were calculated to be shuntec 
to the pulmonary veins, at the site of a pulmonary 
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neurysm. During an exercise test there was a de- 
-rease of the oxygen utilization (ratio of oxygen con- 
umption and pulmonary ventilation) and further de- 
rease in oxygen saturation of the arterial blood. The 
hanges following exercise are explained by an in- 
rease of the amount of blood shunted from the 
yulmonary artery to the pulmonary veins. 
Pick 


equime, J., Denolin, H., Delcourt, R., Verniory, 

A., and Callebaut, C.: Arteriovenous Aneurysm 

in Osler’s Hemorrhagic Teleangiectasia. Acta. 

cardiol. 5: 63, 1950. 

The authors report the case of a 65 year old woman 
‘ith multiple pulmonary aneurysms accompanied 
hy eyanosis, polycythemia, and clubbing of the ex- 
remities of 45 years’ duration. Ether circulation 
imes suggested a venoarterial shunt by the ap- 
vearance of tingling in the face. Gas analyses and 
catheterization data suggested marked arterial un- 
saturation and a widely patent right to left shunt 
(89 per cent according to the formula of Lunds- 
gaard and Van Slyke. An autopsy confirmed the 
clinical findings. 

HEcHT 


Segers, M., Regnier, M., and Denolin, H.: Pulsating 
Lung Tumor with an Arteriovenous Shunt. Acta. 
cardiol. 5: 156, 1950. 

The authors report the case of a 63 year old 
woman with slight cyanosis which had been per- 
sistent for 15 years without signs of heart disease. 
At fluoroscopy a shadow was seen in the region of 
the left hilum and pulsation of its upper border was 
studied by kymography. Expansion of the tumor oc- 
curred at the time of ventricular contraction. An 
electrokymogram, registered simultaneously with the 
electrocardiogram, revealed that this pulsation oc- 
curred earlier (0.04 second) after the onset of the 
QRS than the usual pulsation of the pulmonary 
artery (0.08 to 0.14 second). This abnormally early 
ejection of the right ventricle is ascribed to low pul- 
monary pressure due to the presence of an arterio- 
venous shunt within the pulmonary circulation. The 
magnitude of the shunt was calculated by the authors 
from the oxygen saturation in peripheral arterial 
and venous blood and was found to be approxi- 
mately 18 per cent. 

Pick 


/artman, W. B.: Hemorrhage into the Arterial Wall 
as a Cause of Peripheral Vascular Disease. Am. 
Heart J. 39: 79 (Jan.), 1950. 
The author describes the pathologic changes ob- 
s-rved in the arteries of the lower extremities of 3 
itients with obstructive arteriosclerosis. Extensive 
\ scularization of the arterial wall was noted; this 
is associated with bleeding and the formation of 
i rge hematomas with obstruction of the lumen by 
essure or rupture and thrombosis: The lesions 
‘re similar to those described in cases of arterio- 


sclerosis of coronary, pulmonary, cerebral, carotid 
and renal arteries. It is concluded that the pres- 
ence of arterial disease of the legs may be an indica- 
tion of more serious vascular lesions elsewhere, 
especially in the heart. 


ABRAMSON 


Ruben, J. E.: Continuous Lumbar Sympathetic 
Block for the Treatment of Acute Arterial Oc- 
clusion and other Vascular Diseases of the Lower 
Extremity. Ann. Surg. 181: 194 (Feb.), 1950. 
The effect of continuous lumbar sympathetic 

block was studied in 48 patients with various pe- 
ripheral vascular disorders of the lower extremities. 
The technic consisted of inserting a spinal catheter 
into the epidural space through the sacral hiatus and 
connecting it to a flask containing 1000 cc. of 0.1 per 
cent procaine solution. The anesthetic reached the 
communicating rami in the peridural space through 
gravity. The treatment was maintained for a mini- 
mum of 24 hours. 

Of the 10 patients in the series suffering from 
sudden occlusion of a major artery, in 2, sufficient 
collateral circulation developed to preserve the limb, 
while in the remaining cases either gangrene oc- 
curred or the patient died of other causes. Seven 
cases with chronic arterial vascular diseases were 
treated with continuous blocks and the results were 
encouraging in that rest pain was reduced during 
the period of therapy. Twelve of 18 patients in the 
acute stage of deep thrombophlebitis became clini- 
cally well during the procedure or almost immediately 
after the continuous block was stopped. According 
to the authors, the method described by them gives 
better results than those obtainable with other 
means of producing lumbar sympathetic block. 

ABRAMSON 


Strohl, E. L., and Lasner, J.: Mesenteric Vascular 
Occlusion. Arch. Surg. 60: 339 (Feb.), 1950. 
The authors present another instance of survival 

after resection for mesenteric vascular occlusion, 

bringing the nymber of such cases reported in the 
literature up to sixty-three. The symptoms in this 
patient at the time of hospitalization consisted of 
generalized and continuous abdominal pain of seven 
days’ duration. This pain was not related to the in- 
take of food or liquids, it did not radiate, nor was it 
associated with nausea, vomiting, tenderness or dis- 
tention. Bowel movements had been normal in color 
and consistency and occurred once daily. Five days 
after the patient was admitted to the hospital, 
severe and excruciating pain was experienced in the 
lower left region of the abdomen. The abdomen be- 
came tense and tender and no peristaltic sounds 
could now be heard. At time of operation a gan- 
grenous loop of ileum was found. This was resected 
and an end-to-end anastomosis was performed. The 
pathologic report was mesenteric vein thrombosis 
and hemorrhagic necrosis of the small bowel. 

ABRAMSON 
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Scheinberg, P.: Cerebral Blood Flow in Vascular 
Disease of the Brain. With Observations on the 
Effect of Stellate Ganglion Block. Am. J. Med. 8: 
139 (Feb.), 1950. 

Utilizing the nitrous oxide technic of Kety and 
Schmidt the author made a study of the cerebral 
blood flow per 100 grams of brain, the arteriovenous 
oxygen difference, the arteriovenous glucose differ- 
ence, cerebral oxygen utilization, cerebral glucose 
utilization and cerebrovascular resistance in 23 pa- 
tients who were either middle-aged individuals with 
hypertension and diabetes or individuals with a his- 
tory of a cerebral vascular accident. Those in this 
group with normal mental status had lower cerebral 
blood flows, higher arteriovenous oxygen differences 
and higher cerebral-vascular resistances than normal 
young persons but cerebral oxygen and glucose 
utilizations were normal. Those with abnormal men- 
tal status had lower cerebral blood flows, lower cere- 
bral oxygen and glucose utilizations and higher 
cerebrovascular resistances than those with normal 
mental status or than normal young subjects. The 
author believes that these groups represent two stages 
in the natural progression of cerebral vascular dis- 
ease. 

Unilateral stellate ganglion block produced no 
change in cerebral vascular function in normals, in 
patients with hypertensive vascular disease or in 
elderly patients with cerebral thrombosis. The de- 
crease in cerebral function is related to the inability 
of the brain to extract more oxygen and glucose per 
unit of blood rather than to the blood flow itself. 
This metabolic defect is probably related to the 
greatly increased resistance offered to the flow of 
blood by the diseased cerebral vessels. The failure 
of the cerebral blood flow to increase in these pa- 
tients following stellate ganglion block would in- 
dicate that the increased cerebrovascular resistance 
is not due to increased tone mediated by the sym- 
pathetic nervous system. 

LEVINE 


King. B. G.: The Clinical Diagnosis of Periarteritis 
Nodosa. Report of Four Cases. Ann. Int. Med. 
32: 466 (March), 1950. 

The diagnosis of periarteritis nodosa was suspected 
during life in 4 young adult males and confirmed by 
examination of necropsy material in 3 cases and by 
biopsy of a gastrocnemius muscle in the fourth case. 
There were no allergic manifestations in any of the 
cases and no precipitating cause was evident. EKo- 
sinophilia in the blood was a conspicuous feature in 
only 1 of the cases. Clinical evidence of renal dis- 
ease was present in 3 of the 4 cases. A striking finding 
in all cases was the involvement of the nervous 
system. This consisted of fleeting paresis of one or 
more extremities, or daily variations in the deep 
tendon reflexes (a prominent feature in all cases) 
and a marked swelling of the optic nerve (in one 
case). Ulceration of the gastrointestinal tract oc- 


curred in 3 of the 4 patients as a result of periarter’tis 
involving the arteries nourishing the wall of the 
stomach and duodenum. Clinical evidences of card ‘ae 
involvement, such as a pericardial friction rub, gal’ op 
rhythm, and electrocardiographic changes, were pr +s- 
ent in all of them. Fleeting subcutaneous nodu’2s, 
skin rashes, joint swellings, and varying degrees of 
fever were also characteristic findings. The clini al 
and postmortem findings in these cases support ‘he 
conclusions of other observers that the organs m ist 
involved in cases of periarteritis nodosa are he 
kidneys, heart, liver, gastrointestinal tract, mes :n- 
teric vessels, muscles, spleen, lungs, and the cen‘ ral 
and peripheral nervous system. The protean clini al 
manifestations in this disease are to be explained jn 
such widespread involvement of tissues in vari: us 
parts of the body. 

. WENDKOs 


Soave, F.: Pneumonectomy in a Case of Fistula 
Between the Middle Lobe Bronchus and Midcle 
Lobe Artery. Thorax 5: 90 (March), 1950. 

The author presents the unique case of a patieut 
treated by pneumonectomy for a fistula between tlie 
right middle lobe bronchus and the artery to thie 
right middle lobe. The patient was a 48 year old 
man with a history of repeated bouts of hemoptysis 
over a period of 24 years. He had been subjected 
to repeated bronchoscopies with biopsies reported as 
“bronchial tubereulosis’”’. At the time of admission 
just before operation x-ray study of the chest showed 
that the right diaphragm was slightly elevated. A 
well defined shadow which had the appearance of 
parenchymatous thickening was present in the hilar 
zone in the posteroanterior view. In the lateral pro- 
jection this thickening was evidently due to a partial 
atelectasis of the middle lobe. The right lung was 
removed and examination showed a small hole 
about 4 mm. in diameter in the distal part of the 
angle formed by the main bronchus and the middle 
lobe bronchus. This hole communicated directly 
with the pulmonary artery. Around the fistula were 
the remains of a lymph node. An intense chronic in- 
flammation surrounded the fistula. It was assumed 
that there had been a tuberculous abscess of a lymph 
node with gradual erosion of both bronchial and 
arterial walls in the vicinity of the node, resulting 
in a communication between the two. 

Kiosk 


Starkloff, G. B., Bricker, E. M., McDonald, J. J., 
and Litzow, L. T.: Proximal Femoral Venography. 
Ann. Surg. 131: 413 (March), 1950. 

The authors present a new technic for visualizing 
the deep venous system by means of venography. 
Under local anesthesia, the saphenous vein is sec- 
tioned and its distal end and its tributaries aie 
ligated. A ureteral catheter is inserted into th: 
proximal end and the vein is tied around it. With tl 
patient standing, diodrast is injected through tl > 
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ca heter and several x-rays films are taken in suc- 
ce sion over a period of four minutes. Through such 
a procedure information can be obtained which 
should be a valuable supplement to the other 
m thods of determining the cause of chronic venous 
in ufficiency of the lower extremity. Delay in emp- 
ty ng and retrograde flow of the contrast medium 
in the upright position are findings considered to be 
of significance. 
ABRAMSON 


Nuide, N.: Diphenhydramine (Benadryl) for Noc- 
turnal Leg Cramps. J.A.M.A. 142: 1140 (April), 
1950. 

The author used benadryl hydrochloride, 50 mg. 
at bedtime, in a series of 17 patients with night 
cramps and obtained prompt relief in all instances. 
The mechanism by which the drug relieves this 
condition is not known. 

ABRAMSON 


Friedell, M. T., Indeck, W., and Schaffner, F.: 
Radioactive Isotopes in the Study of Peripheral 
Vascular Disease. Arch. Int. Med. 85: 667 (April), 
1950. 

The use of a radioactive isotope (P®) in determin- 
ing the status of the peripheral arterial circulation 
was studied. The reciprocal rate of deposition as 
plotted on a semilogarithmic curve was designated 
as the circulatory index. The author found that the 
change in the index produced by vasodilatation can 
be used as a guide to selected therapy. Four main 
groups representing types of response were noted. 
It was concluded that Priscoline (2-benzylimidazo- 
line hydrochloride) when administered intravenously 
will alter the circulatory index as determined with 
radioactive phosphorus. The prognosis of the groups 
as determined with Priscoline coincides with that of 
groups determined by other vasodilating mecha- 
nisms. Priscoline is apparently more effective in con- 
ditions primarily due to interference with the blood 
supply. It is less effective in severe associated cau- 
salgie states. Orally administered Priscoline is useful 

the management of certain disorders of the peri- 

heral vascular system. 
BERNSTEIN 


erman, L. G., and Russo, F. R.: Abdominal An- 
sina. New England J. Med. 242: 611 (April), 
1950. 
Che authors review the literature and present 
se reports of 2 patients with abdominal angina due 
thrombosis of the smaller mesenteric blood ves- 
s. Typically generalized arteriosclerosis was pres- 
1 (, together with hypertension in one case. Both 
da history of crampy abdominal pain following 
« ge meals. Laporatomy revealed a healed infarct 
the jejunum in one patient and actual gangrene 
this segment of bowel in another, Only when 
| ombosis and infarction occurred were localizing 


abdominal signs present. Considering the effect of a 
large meal on the intestine as being analogous to 
the effect of exercise on coronary artery d'sease, the 
authors compare abdominal angina with angina 
pectoris. 

NADLER 


Stone, P. W., and Cooper, F. W., Jr.: Treatment of 
Experimental Acute Arterial Insufficiency. A Com- 
parison of the Sympatholytic Agent Priscoline (2 
Benzyl-4,5-imidazoline HCl) and Sympathectomy. 
Surgery 27: 572 (April), 1950. 

The authors studied the vasodilating effects of 
Priscoline and sympathectomy on the limbs of 30 
dogs in which the circulation was reduced to a critical 
level through excision of the aortic trifurcation and 
division of the deep circumflex iliac artery. On the 
basis of the results, the authors concluded that the 
administration of a drug like Priscoline in a dosage 
designed to produce constant sympatholysis is not 
only ineffectual but is actually deleterious when 
given to an animal suffering from profound arterial 
insufficiency. However, if administered so as to 
produce an intermittent rather than a constant vaso- 
dilatation, the therapeutic efficiency of the drug may 
be enhanced. Lumbar sympathectomy is of limited 
value in this regard. 

ABRAMSON 


Wright, H. P., Osborn, S. B., and Edmonds, D. G.: 
Changes in the Rate of Flow of Venous Blood in 
the Leg during Pregnancy, Measured with Radio- 
active Sodium. Surg., Gynec. & Obst. 90: 481 
(April), 1950. 

The rate of flow of venous blood in the leg was 
studied in 61 normal pregnant women by means of 
radioactive sodium. As pregnancy advanced, the 
readings, which were normal in the early stage, in- 
dicated a slowing of flow. The increase in foot to 
groin time was fairly gradual and constant, but it 
seemed possible that the engagement of the fetal 
head might cause a secondary obstruction to blood 
flow. Comparison of arm flows showed no significant 
change in the upper extremity. 

It is suggested that the slowing in venous flow 
in the legs of pregnant women is brought about by’ 
an increase in intra-abdominal pressure associated 
with the changes going on in the uterus. This slowing 
may be a factor in the onset of venous thrombosis. 

ABRAMSON 
OTHER SUBJECTS 

Coelho, E.: Cardiac Changes in the Severe Supra- 
renal Insufficiency. Annual meeting Swedish Soe. 
Cardiol., Stockholm, Sept. 24-25, 1949, Lisbon, 
Bertrand LDA, 1950. 

The author studied cardiac changes in severe cases 
of adrenal insufficiency. Following the crisis of 
Addison’s disease, cardiac enlargement with in- 
crease of both the long and the broad diameter of 
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the heart was found by x-ray study. The enlarge- 
ment persisted when electrolytic balance was re- 
established and was not influenced by treatment. 
Coincident with this, the following electrocardio- 
graphic changes frequently occurred: increased dura- 
tion of Q-T, depression of S-T and inversion of T 
waves. These changes disappeared if treatment with 
adrenocortical hormone, sodium chloride, and as- 
corbie acid succeeded in overcoming the Addison 
crisis. If treatment was unsuccessful, however, the 
electrocardiographic changes persisted. All patients 
who presented persistent changes of the electro- 
cardiogram died within a short period. The electro- 
cardiographic changes result, according to the au- 
thor, from changes in electrolyte metabolism, de- 
creased amount of glycogen in the heart muscle, 
and increase of both potassium and lactic acid in 
the blood. 
LUISADA 


Humphrey, J. H.: The Nature of Antistreptolysin 
S in the Sera of Man and of Other Species. The 
Lipoprotein Properties of Antistreptolysin S. Brit. 
J. Exper. Path. 30: 365 (Oct.), 1949. 
Experimental evidence is presented to support 

the thesis that antistreptolysin 8 is not an antibody 
in the accepted sense, and that its nature varies 
among species and even among individuals. Treat- 
ment of the sera of man, horse, rabbit, rat, ox and 
sheep with ether or alcohol-ether in such a manner 
as to cause only minor changes in the titers of known 
antibiodies, causes a major reduction in antistrep- 
tolysin titer. This phenomenon is less marked in 
guinea-pig serum. 

In human serum most of the antistreptolysin § 
activity is carried by a labile lipoprotein complex 
associated with the albumen fraction, but the glob- 
ulin fractions also have some activity, most of 
which is retained after gentle treatment with fat 
solvents. Mild denaturation or peptic digestion may 
increase the antistreptolysin 8 activity by loosening 
the lipoprotein complexes without destroying that 
part of the proteins which carries the residual anti- 
streptolysin 8 activity after ether extraction. More 
extensive digestion of the proteins destroys this 
residual, antistreptolysin S. Similar findings were 
also noted in horse serum, although in some speci- 
mens a large amount of active lipoprotein complex 
may be found in the euglobulin fraction. In guinea~ 
pig serum lipoprotein complexes are either unim- 
portant in this connection or are so stable that they 
are unaffected by treatment with ether. 

It is possible that the widespread occurrence of 
antistreptolysin S may account for the apparent un- 
importance of streptolysin S production in deter- 
mining the virulence of streptococci. 

SCHWARTZ 


Ruf, F., Roesch, H., and Walz, L.: The Healthy 
and Diseased Heart in Surgical Diseases of the 


Upper Abdomen. Ztschr. f. Kreislaufforsch 32: 

641 (Nov.), 1949. 

The authors report electrocardiographic observ \- 
tions on 23 patients with cholecystopathy and ‘5 
patients with ulcus ventriculi before, during, ard 
after operation. The preoperative electrocardiogran 
was found to be abnormal, as judged by S-T d>»- 
pressions, in a high percentage of persons with g: || 
bladder disease. Changes ascribed to the psychic 
trauma connected with the operation and chang’s 
occurring during anesthesia were noted in bo:h 
groups. In patients with gall bladder disease, t!.e 
latter changes consisted often in the appearance f 
an ectopic nodal rhythm with A-V dissociation. Pr »- 
mature beats were found only occasionally. Duri: g 
the operation an increase of heart rate was observ: 
in both groups and was maximal during manipul 
tion of the diseased organ. Pre-existent RS-T d 
pressions became more marked during this phaso, 
In the ulcer patients, splanchnic anesthesia was fo!- 
lowed by a drop in heart rate and an increase of 
the amplitude of P and T waves. 

In a number of patients with cholecystopathy au 
improvement of the abnormal electrocardiogram 
was noted following operation. This suggests a 
causal connection between gall bladder disease and 
the myocardial damage manifested in the electro- 
cardiogram. The latter finding in a patient with 
chronic cholecystopathy should, therefore, be con- 
sidered as an absolute indication, and not as a con- 
traindication, for a cholecystectomy. 

Pick 


Bustamente, R., and Perez-Stable, E.: Pericardial 
Effusion in Myxedema Heart. Rev. cubana de 
sardiol. 10: 205 (Oct.—Dec.), 1949. 

The authors report 5 cases of pericardial effusion 
in ‘‘myxedema heart.’”’ The cardiac area was con- 
siderably increased in 2 and moderately increased in 
3 cases. Fluid was aspirated in all of them. This fact 
and the similarity in clinical, x-ray and electro- 
sardiographic findings in pericardial effusion in gen- 
eral and in the myxedema heart lend support to 
the belief that in this condition there is always fluid 
present in the pericardial cavity if the heart shadow 
is enlarged, the part played by the fluid in the en- 
largement being greater the more pronounced the 
enlargement. The electrocardiographic changes per- 
sisted in 1 case after the fluid was withdrawn and 
the cardiac shadow had returned to normal, which 
indicates that these changes are not caused by the 
fluid alone. The fluid contained from 0.84 to 6.15 
per cent protein; cholesterol was present in ail 
cases, but in quantities much below the blood leve! 
(15.6 and 18.7 mg. per cent in 2 instances). The 
authors conclude that evacuation of the pericardia! 
fluid by aspiration seems indicated as a therapeuti 
measure and may shorten the period of regressio: 
of the cardiac enlargement. 

ULLMANN 
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Vi nder Veer, J. B., and Kuo, P. T.: Cardiac Disease 
n Pregnancy. A Study of the Patients with Heart 
Disease at the Philadelphia Lying-In Division of 
the Pennsylvania Hospital from 1937 to 1947, 
Inclusive. Am. Heart J. 39: 2 (Jan.), 1950. 
Heart disease of some type was found in 409 (1.5 

pe’ cent) of a total of 26,628 pregnant women de- 

livered during an 11 year period of study. The 
m..ternal mortality rate among the cardiac patients 
wes 3.4 per cent (14 deaths). Congestive heart 
fa lure was the main or contributory cause of death 
in 10 of these patients, and fatal acute infections 
were present in 7. Prematurity was the most common 
cause of the 54 fetal deaths, making a mortality 
rate of 13.2 per cent. Of the 409 patients studied, 
there were 324 with rheumatic heart disease, of 
whom 11 died; 51 patients had hypertensive cardio- 
vascular disease; and 18 patients had congenital 
defects, one of whom died. There were 2 additional 
maternal deaths due to acute bacterial endocarditis. 

A definite diagnosis of cardiac disease is often 
dificult during pregnancy. Symptoms and signs 
simulating early myocardial insufficiency may occur 
late in pregnancy in women with no organic heart 
disease. However, early evidence of heart failure may 
become manifest by elevation of the respiratory 
rate, tachycardia, and the appearance of moist 
rales at the lung bases. 

Patients functionally in Classes 3 or 4 and those 
with auricular fibrillation should be advised against 
undertaking pregnancy. Therapeutic abortion is in- 
dicated in such patients who have not passed the 
fourth month. Conservative management is usually 
advisable beyond this time. The earliest signs of 
heart failure are an indication for digitalis adminis- 
tration. In acute pulmonary edema digitalis intra- 
venously, oxygen by positive pressure mask, intra- 
venous aminophylline, and mercurial diuretics may 
be life saving. Careful prenatal observation with the 
prevention and early control of acute respiratory 
infections is most important in reducing the in- 
cidence of heart failure. 

SCHWARTZ 


pitarte, A., Sanchez Agesta, A., and Andres Lujan, 
M.: Acute Benign Pericarditis. Rev. espaii. de 
‘ardiol. 4: 1 (Jan.—Feb.), 1950. 
[he authors present 7 cases of pericarditis, which 
respond in their clinical and laboratory findings 
a condition which has been described as “acute 
\ign pericarditis,” “primary or idiopathic peri- 
‘2 ditis” or “non-specific pericarditis.” Frequently 
infection of the respiratory tract anteceded the 
et. The pain at times simulated myocardial in- 
ction, but usually was more diffuse, less dramatic 
| did not show the typical radiation of that seen 
myocardial infarction. Pericardial effusion was 
p! sent in most cases. Sometimes the electrocardio- 
gi phic findings were of very short duration. There 
Ww. 3 a tendency to recurrence. One case, typical in 


every respect of this condition, resulted in complete 
recovery, but pulmonary tuberculosis developed a 
year later. As in the “idiopathic pleurisy” which is 
so frequently tuberculous in nature, the authors be- 
lieve that in this condition a tuberculous infection 
may be the primary cause. 

ULLMANN 


Southwick, H. W.: A Clamp for the Construction of 
Vascular Anastomoses. Arch. Surg. 60: 372 (Feb.), 
1950. 

The author describes a clamp which can be used 
in the isolation of a segment of two adjacent vessels 
and thus allow the construction of an anastomosis 
between them without mobilization or temporary 
ligation of either. It can be applied without injuring 
the vessel wall since it has a great number of fine 
teeth. It is in 2 parts so as to allow for easy applica- 
tion and removal. 

ABRAMSON 


Shapiro, A. L., and Robillard, G. L.: The Eso- 
phageal Arteries. Their Configurational Anatomy 
and Variations in Relation to Surgery. Ann. Surg. 
131: 171 (Feb.), 1950. 

On the basis of anatomic dissections of 50 ca- 
davers, together with radiographic study of arteries 
injected with barium sulfate, the authors present a 
description of the arterial blood supply of the esoph- 
agus. For the purpose of the study, the esophagus 
is divided into 4 parts: pars cervicalis, pars bifur- 
calis, pars thoracalis and pars abdominalis. The pars 
cervicalis receives its blood supply primarily from 
the inferior thyroid artery which arises from the 
thyrocervical trunk of the subclavian artery. The 
primary supply to the pars bifurcalis is from the 
bronchial arteries which are branches either of the 
aorta or of the right third or fourth intercostal 
artery. The blood supply to the pars thoracalis 
arises mainly from the superior and inferior eso- 
phageal arteries, while that to the pars abdominalis 
generally comes from the left gastric artery. 

The esophageal] circulation is best considered as a 
shared vasculature, and therefore care must be 
taken during surgical mobilization in separating the , 
esophagus from such embryologically related struc- 
tures as the trachea, bronchi and diaphragm. Other- 
wise the freed segments might be devascularized to 
a degree incompatible with reparative processes. 

ABRAMSON 


Turner, G. S., and Pentz, E. I.: Effect of Cholesterol 
on Antigenicity of Streptolysin O. Proc. Soc. 
Exper. Biol. & Med. 73: 169 (Feb.), 1950. 
The authors confirmed the previous observation 

that cholesterol neutralizes the hemolytic activity of 

streptolysin O. The antigenicity of streptolysin O is 
not impaired in the cholesterol-neutralized mixtures. 

The explanation offered is that some easily dis- 

sociated streptolysin-choesterol complex is formed 
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which loses its ability to lyse red cells but still 
functions as an antigen. In cholesterol-neutralized 
mixtures, streptolysin O neutralized by its specific 
antibody elicits virtually no immune response to 
streptolysin O. 

Mintz 


McKee, F. W., Wilt, W. G., Jr., Hyatt, R. E., and 
Whipple, G. H.: The Circulation of Ascitic Fluid. 
Interchange of Plasma and Ascitic Fluid Protein 
as Studied by Means of C'!-Labeled Lysine in 
Dogs with Constriction of the Vena Cava. J. 
Exper. Med. 91: 115 (Feb.), 1950. 

The authors have demonstrated an ascitic fluid 
circulation in experiments indicating a rapid ex- 
change of protein between the ascitic pool and cir- 
culating plasma. Plasma containing plasma proteins 
labeled with radioactive lysine was given either intra- 
peritoneally or intravenously to dogs previously 
made ascitic by an aluminum band constricting the 
vena cava above the diaphragm. There was evidence 
that 30 to 40 per cent of the labeled protein crossed 
from the ascitic fluid to the plasma, or in the op- 
posite direction, in 48 to 72 hours. 

Many factors influence the production and ac- 
cumulation of ascites and absorption. In human as- 
cites inflammation is an important factor at times, 
and further experiments are necessary to evaluate 
the exact role of this factor. 

SCHWARTZ 


Fuhrman, F. A., and Crismon, J. M.: Electrolyte, 
Water and Glycogen in Rat Muscle following 
Ligation of Major Arteries and Veins. Proc. Soc. 
Exper. Biol. & Med. 73: 462 (March), 1950. 
Ligation of the femoral artery, the common iliac 

artery and vein or the femoral, popliteal and sap- 

henous arteries and veins in albino rats resulted in 
only slight alteration in the sodium, potassium and 
water content of the gastrocnemius and anterior 
tibial muscles four days after occlusion. Muscle gly- 
cogen was reduced in one-half the animals when the 
femoral artery was ligated. Ligation of the femoral, 
popliteal and saphenous arteries and veins caused 
edema in only 1 animal and the extra sodium found 
in the muscle was accounted for by the increase in 
extracellular fluid. Since neither gangrene nor per- 
manent functional impairment occurred, it is ap- 
parent that collateral circulation in the albino rat 
is sufficient to maintain the integrity of the leg 
muscles after loss of their major blood supply. 

Mintz 


Borden, C. W., Ebert, R. V., Welsen, R. H., and 
Wells, H. S.: Pulmonary Hypertension in Heart 
Disease. New England J. Med. 242: 529 (April), 
1950. 

The purpose of this study was to correlate pulmo- 
nary artery pressure with the physical status as well 
as clinical manifestations in patients with mitral 


valve disease. Pulmonary artery pressures were ol 
tained by the catherization technic. The criteria cf 
the New York Heart Association was utilized as 1 
measure of the functional capacity of the heart. In 
a group of 31 patients a rough linear correlation wes 
found to be present between the pulmonary arte? ; 
pressure and the functional capacity of the hear . 
The cardiac output was determined in 15 of these 
patients. Of those in groups I and II (function: | 
capacity) the cardiac index averaged 3.2 liters pcr 
minute, whereas those in groups III and IV showe | 
only 2.3 liters per minute. When the pulmonar - 
artery pressure was correlated with the vital capa 
ity, the relation was not striking since certain p: 
tients with marked increased vital capacities showe | 
only slightly elevated or normal pulmonary arter 
pressures. Five patients with frank hemoptysis a 
showed marked pulmonary hypertension. In a grou) 
showing left ventricular failure the pulmonary a: 
tery pressure was not as elevated as in the mitra! 
stenosis group. Evidence is presented suggesting tha 
elevation of the pulmonary artery pressure in mitra! 
stenosis is due to increase in peripheral resistanc: 
as well as increased pressure in the left auricle. 
NADLER 


Remington, J. W., Hamilton, W. F., Caddell, H. M., 
Boyd, G. H., Jr., Wheeler, N. C., and Pickering, 
R. W.: Vasoconstriction as a Precipitating Factor 
in Traumatic Shock in the Dog. Am. J. Physiol. 
161: 125 (April), 1950. 

Traumatic shock due to (a) visceral trauma by 
digital manipulation of the celiac axis, adrenal region, 
and gall bladder and (b) multiple mild blows to the 
legs of the animals was induced in a total of 16 an 
aesthetized dogs. Following trauma, a sharp increase 
in peripheral resistance and a fall in peripheral flow 
were uniformly noted, the values exceeding those ob 
tained in hemorrhagic shock. The magnitude of re 
sistance changes suggested rather wide spread vaso 
constriction. Small doses of Dibenamine (5 mg. 
per Kg.) prevented the initial rise of peripheral re 
sistance and contributed substantially to the sur- 
vival of the animals (O in controls, 89 per cent in 
dogs receiving Dibenamine). 

HEcuHT 


Woolsey, T. D.: Statistical Studies of Heart Dis- 
ease VI. Age at Onset of Heart and Other Cardio- 
vascular-Renal Diseases. Pub. Health Rep. 65: 
555 (April), 1950. 

During 1935-1936 the National Health Survey 
visited 700,000 households throughout the country 
This report is one of a series of analyses of data ac 
cumulated thereby. 

Prevalence rates by age were multiplied by num 
bers of persons surviving to each age, as determined 
from life tables. These figures, with estimates ol 
deaths among heart disease patients at each age 
were used to compute approximate probabilities o 
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a quiring the disease at each age group. It was found 
tl at a 25 year old male has a 60 per cent chance of 
si bsequently acquiring heart disease; the chance is 
6:8 per cent for a female. At age 50 the chances are 
65.8 per cent and 65.5 per cent, respectively. Hyper- 
tension may be expected in 47.8 per cent of males 
aid 54.7 per cent of females at age 25. At that age 
the chances for developing nephritis are 22.7 per 
cnt for males and 25.2 per cent for females. Since 
tl.e data was accumulated by household surveys it 
is likely that they are minimal figures. 
WaAIFE 


Remington, J. W., Hamilton, W. F., Caddell, H. M., 
Boyd, G. H., Jr., and Hamilton, W. F., Jr.: Some 
Circulatory Responses to Hemorrhage in the Dog. 
Am. J. Physiol. 161: 106 (April), 1950. 

Thirty seven anesthetized dogs were subjected 
to repeated hemorrhages until death. (5 cc. per Kg. 
at 10 minute intervals until arterial pressures fell 
below 50 mm. Hg.). Optical pressure records were 
obtained and cardiac output determined by direct 
Fick methods (dye and catheter) or by analysis of 
pressure pulses. Total peripheral resistance was 
calculated in the usual manner. 

Three shock phases were recognized: phase I 
showed little decline in pressure, slight fall in cardiac 
output and an increase in peripheral resistance of 
approximately 10 per cent. Phase II showed cardio- 
acceleration with fall in mean arterial pressures and 
usually a slight increase in cardiac output. Peripheral 
resistance varied, demonstrating a reciprocal relation 
between resistance and flow, with high resistance in 
examples of low output and low resistance with 
high output. While dye dilution technics and heart 
volume measurements by x-ray demonstrated a 
decrease in large vessel-lung-heart volume in the 
first phase, it was estimated that during the second 
phase heart blood accounted for 23 per cent of the 
hemorrhage. In the terminal phase III, a sharp 
decline in cardiac output and in peripheral resistance 
was uniformly evident. During this phase oxygen 
‘onsumption, and mixed venous oxygen content, 

ticularly, fell to extremely low levels. Total 

cygen transport (cardiac output times arterial 

‘ygen content), originally about 3.5 times the 

‘ygen consumption, fell to less than the initial 

nsumption at the end of phase ITT. 


The authors conclude that the experiments failed 
to demonstrate striking arteriolar constriction as 
one of the constant findings of early hemorrhagic 
shock. Late failure of arteriolar tone precipitates the 
final circulatory crisis. 

HECHT 


Marquardt, P., and Wachtel, H. J.: A Method of 
Registration of the Heart Rate. Arch. internat. de. 
pharmacodyn. et de. thérap. 82: 80 (April), 1950. 
The authors devised a method for simultaneous 

registration of heart rate and stroke volume in the 

isolated frog’s heart. While one end of a lever 
connected with the preparation registers the magni- 
tude of the contraction, the opposite end of the 
lever writes a time signal by dipping a platinum 
wire into a mercury container, thus closing an 
electric circuit. It could be demonstrated by this 
method that in the frog’s heart, following stro- 
phanthin K, a decrease of heart rate precedes the 
increment of stroke volume. 

Pick 


Draper, A. J.: The Cardioinhibitory Carotid Sinus 
Syndrome. Ann. Int. Med. 32: 700 (April), 1950. 
The author summarizes the clinical features and 

electrocardiographic findings in 11 cases of the car- 

dioinhibitory carotid sinus syndrome. The diagnosis 
was based upon the occurrence of spontaneous 
syncopal attacks, the reproduction of the synco- 
pal attacks by pressure over one or the other carotid 
sinus, and the electrocardiographic registration 
of cardiac standstill during mechanical stimula- 
tion of the carotid sinus. The spontaneous or induced 

cardiac standstill in these cases is attributed to a 

state of increased sensitivity of vagal nerve endings 

in the heart, which results is exaggerated cardio- 
inhibitory effects in response to various stimuli. 

In most of the patients in this group, there were 

findings to indicate that they were also suffering 

from myocardial and/or coronary artery disease. 

Organic heart digease should, therefore, be suspected 

in all patients exhibiting the cardioinhibitory carotid 

sinus syndrome and, conversely, the syndrome 

should be sought whenever a diagnosis of hyperten- 

sive or arteriosclerotic heart disease is made. 
WENDKOs 
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COMMITTEE ON GARDIOVASCULAR 
CLINICS 

The Executive Committee of the Committee 
on Cardiovascular Clinics of the Association’s 
Scientific Council will hold its first meeting in 
January or February, 1951. At this meeting 
applications for approval of clinics which have 
been submitted by affiliated heart associations 
prior to January 1 will be considered. 

Dr. H. M. Marvin, Chairman of the Scien- 
tific Council, has appointed the following per- 
sons to serve as members of the Executive 
Committee: Floyd C. Beelman, M.D., Topeka; 
Edward F. Bland, M.D., Boston; Herbert 
Chasis, M.D., New York; Mrs. Myrtle H. Coe. 
Minneapolis; Richard D. Friedlander, M.D., 


San Francisco; Miss Muriel Gayford, Bryn 
Mawr, Pa.; Chester M. Kurtz, M.D., Madison. 
Wis.; Hugh Montgomery, M.D., Philadelphia. 

Information regarding procedures for clinic 





approval may be obtained from affiliated hx art 
associations. 


LOUISIANA FELLOWSHIP 


The Louisiana Heart Association announ :es 
two fellowships in cardiology, to be known as 
the Charles Payne Fenner Jr. Memorial Fellow- 
ship and the Leon H. Rittenberg Fellowship. 
Each is in the amount of $2,400.00 to $3,000.00 
for a one-year duration. They are open to 
doctors having previously served at least one 
year of internship and one or more years of 
formal resident training in internal medicine 
or pediatrics. The purpose is to further research 
and provide additional clinical training in car- 
diovascular disease. Applications should be 
mailed to Dr. Allan M. Goldman, Secretary- 
Treasurer, Louisiana Heart Association, 3439 
Prytania Street, New Orleans, La. 
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